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• 57) Abstract 

A neve. p;eiec:;n .igand g!vcoprctr:n :s J:scio^ed, ccmorsx.e "he amino ac:c sequence set r'crtn .n SEQ ID NO Z :r ^ 'he am.no 
ac;d sequence se: r'ortn in. SEQ ID NO x DN.A sequences encoding :he P-seiec:in :iean«j Drotem are also dtsciosed. alcne ^-'T. \cz\rr>.. 
nost cel.s. and metr.ocs or maicng the P->eiectm isand protein P^arm aceutica. impositions jcr.ramns :ne P-selec;in .eanJ -rotem .n-j 
Tiethods of ireatmg ;nf.ammator> d.sease states characterized ?y P^eiectin- ana E-.eiectin-mediatec mtercr.luiax adhesion are aiso disc.^ej 
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P-SELECTTN LIGANT) PROTEINS 

. o> ^ r r i : j _ : ; r .■ _ . "rumu at; o n -in -rurt " ^mendo^o _r:\:c_r r ~ '. v ^ ^< \ 
;i -2^.":- fned Arrr:. 15. ! ^5. '.v huh -a a> a continuation -,n man ^: .cpendmo atom u-:. on L S 
^enal No 08.-3 1 s.305. f ieu Septemcer 30, union was _> continuation ■ n-ran oo ..t^j;t£ 

application L' 5 Serial No. 0* 23 5.3 Q S ffed Apm 2S. i ^a wn— . a j, _ - n . rjr 

m copending application L S Serial No 0*. ! i Z.fcOS . rued Aucust 2r ' -'^ ; Amen aj. , : 
: mtmuation-m-par: of L" S Sena] No 0" Cj >?5 cel. fled Octoroe: 2c : - a . ; rand r.-a 
application, ciaims prenrv rrom international Application No ?CT VS ~c> ' : - - f,-j 
Octooer 22. ! 

BACKGROUND OF THE INVENTION 

The present invention relates to the field of anti-tnf]ammator\ >ur;stanco> a r,,n r , 
mntrjitmg ;eukoc%te adhesion to endothelial celiv More particulars . ;ne rresen; ^mention - 
directed to novei hgandb for the mammajian adhesion proteins known a:> ;e:ectms. 
30 During inflammation leukocytes adhere to :he vascuiur endothelium and enter 

-uroendotheliai tissue, an interaction which ts mediated by specific binding of me >e;ectm or LEC- 
CAM class of proteins tc iigands on target cells. Such seiec:m-mediated cellular udnesion aiso 
occurs ;r. thromootic disorders anc parasitic di^ea^ and ma\ oe implicated :n metastatic mread 
t tumor c-Jls. 

The seiecttn proteins are characterized hv a N-rermmal .e^tm-.ise a mam ,:p. _m:derm.ai 
mowm rector- a ke domain, ana region* or nomok'gv to com sterner: mndmr or nem • ' \:r 
tr.ree human ^eiectm proteins have heen identified. E-veiectm : ^rmcr! ■. EL.Wl-: ^ -c:ec;m 
formerly LAM-h and P--e!ec:m :formen> ? AOGEM ;r GMP- : E--.e:eor:n > mauled n 
cncotheual ceus several hours arter activation -v medi^tmc the -a.cium-dorenden: 

■0 interaction between neutrophils and the endothelium L--eiec:m ^ me ■. mcnoc- *e mm: 

mediating c Jacium-uepencent adhesion o; neuiropn:N ..r m-m. •.; :■■ nateiet- P-eieotm ^ 
round m the Vv'eipefPaiuce oodles of endothelial cells, upon its release f—m these cmcics P- 
^eieetm mediates eariv mnemg or neutrophils to nistamme-or thrcmrcir. -vtimu.ateu endothelium 
Seiectms are oeuevec :o mediate adhesion tnrougn -pe^ifc interactions Aim. ;:und^ 
rre^ent h me ^urrace or target ce!^ Genera iiv the .: canos t - joo:^ are . mhrnsea ^t oast m 
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: ; ^.j;3« : a g:c.\ac--r 

Fucai i .3 ■ 

and jiso :c earner. \ drates rutins tne :erm:rj; structure 

"euA:a.:,; : : 3;c::ac0 :,: = 

1.4 

wnere R =the reminder of the carbonydraie cncun. These carbohydrates are Known *?ioed coup 
antigens and are commonly referred :o as sialyl Lewis'' and sialyl Lewi>\ rescee:;\eK The 
presence or :he sialyl Lewis' antigen alone on the surtace of an endotheiiai ce;i ma\ oe sufficient 
to promote binding to an E-selecun expressing ceil. E-selectin also binds to carbon > crates na\ in* 
:he terminal structures 



As witn E-seiec:in. eacn ^etec:;n appears to bind ;o a ranee c :Aar^on\ drate^ -ws, \ ir* ;nc 
-dfmit:es. The strength of ihe sctectin mediated adhesne e\ent ibmair.2 affinity ■ rr.a\ eerend 
jn tne density of the carbohydrate and on tne density of me ^elee;ln on :he ceil ^urracc 

P-seiec::n oinds to carbohydrates containing the non-sialated form or the Lewi^ hiooa 
group antigen and with higher affinity to siaJvi Lewis 1 P-selectin may also recognize ^ulfatides. 
whicn are heterogeneous 5-vuitaced gaiactosvi ceramides. isolated from myeloid and turner ceii> 
*n lipid extraction. However, :he binding of cells bearing P-seiectm to cells *?earmc P-e:ec::n 
.igand^ ^ abon\ned w nen the iisar.o-beanns :eils arc treated w i:h ^roce ^e- :r . - — f - n > — ,r • 
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SCMMARV OF THE INVENTION 

In one embodiment, the present invention provides a composition ccmDnbima an isolated 
DNA encoding a P--j;ec:m iigjr.d protein, :>uid protein comprising the ammo acu >eduence ^e: 
form ;r. SEQ 1 ID NO 2 Torn jr.mo acid ! to amino acid 402. Also provided is a composition 
compnsing ar. '.iOiated DNA encoamg a ^oiuble P->eiectm ugand orotem. ^aad protein :omrr.-mc 
me ammo. add sequence -e: fcnh jr. SEQ ID NO 2 rrom ammo acid i to ammo ac:o 3 iO The 
;n-. ention runner provides a composition comprising an isolated DNA encoding a mature ?■ 
^lectin hgano prctem. ^uld protein compnsmz me amino acid sequence ^et ronn m SEQ ID NO 2 
rrom ammo ac.d 42 to ammo acid 402 In another embodiment, the invention rrowaes a 
composition :ompn>ire an isolated DNA eroding a -.oiubie mature P-veiectm :icano orotem. 
>cud protein comprising the ammo acid sequence set ronn ;n SEQ ID NO 2 rrom ammo ac:d 42 
10 amino acid 3 10 In anomer embodiment, the invention provides a composition comprising an 
isolated DNA encoding a P-seiectin hgand protein. >aad protein comprising the amino acid 
sequence set rorth in SEQ ID NO 4 The invention further provides a composition comprising 
an expression vector comprising any one of the isolated DNAs of the invention, ^atd DNA bein^ 
operablv im.<ed to an expression control sequence, a nost ce!i transformed with me e\nress;cn 
• ec:or containing anv one or :he DN'As described above, ana a proces> tor oroducmo me ?■ 
>e:ec::n ogano protein, wnich comprises. 

•i> .ultunng a nost ce:l transformed ^tm an expression vector crntaimrv: anv one 
or me DNAi of the invention m a suitable culture medium; and 

(b> punfvmg the P-seiect:n iigana protein rrom me culture medium 
In another embodiment, the invention provide^ a composition comor.-mc a orotem 
compnsing me ammo ac:d -eouence et ronn ;n SEQ ID NO 2 rrom ammo add 2! to ammo acid 
2. >ajd protein cemg > «r manual iv tree rrom Mner mammalian orotem - The :n •• ontiom runner 
-ompnses a -.ioiuDie P-seiectm iigand orotem compnsing me amine ac.o^.equence \et ronn m SEQ 1 
ID NO 2 trom amino acid 21 to amino acid a 10. ^aid pratem being >unstantia!lv free rrom other 
mammalian prctems. In another embodiment, the invention compnses a P-eiectm iigar.a prctem 
compnsing me ammo acia sequence .et fonh m SEQ ID NO 2 from ammo acid '. to ammo acid 
-';2. = aid prctem cemg -u^tantiaiiv tree rrom other mammanan pr?te:n> The invention also 
provides a composition cemensmg a mature D -eiectm ocana orotem commune me ammo ac;d 
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e:r.s rurr.er r: . ;ded .x a :..mp - 
mpnsing me amino s-daence 
: 0. orotem remc >urs:ant:j;o. 



a source man. re ?- ; e.ec::r. .;jjnc rrotem 
ID NO I ::crr. amm^ j^d c.2 :c amino jc;. 
mammanun proteins In another embodiment, the invention provides a jomroMtior, - ;Tir ^ :ni? 
a protein comprising me ammo acid sequence set torn in SEQ ID NO 4 

m vet anotfier embodiment, tne invention provides compositions ::mnn^;r£ amirvdie* 
specific for ?-e:ec:;n iigand proteins 

In anomer embodiment. :he invention provides a metncd or ;dent:r\m<; an mnnter - 
P-<eleetm-meaiated intercellular adhesion which compnses 

(a) combining a P-seiect;n protein with a P-eiectm iigand protein comor.sirvc an 
amino acid sequence selected from the group consisting or me amino acid sequence set fern :n 
SEQ ID NO I from amino acid i to amino acid 402. the amine acid sequence set torn ;n SEQ 
ID NO 2 from ammo acid 42 to amino acid 402. the ammo acid sequence set r'onn in SEQ ID 
NO:2 rrcm amine acid 42 to amino acid 310. and the ammo acid sequence set forh ;n SEQ ID 
N04, said combination forming a first binding mixture. 

ib) measuring the amount or' binding between the P-seiectin protein and tne P- 
selectin Iigand protein in the first binding mixture: 

(ci combining a compound with the P-selectin protein and the P-sdectm iigand 
protein to form a second binding mixture. 

td) measuring the amount of binding in tne second binding mixture, and 
ie; comparing the amount of binding in the firs' i binding mixture with the .mount 
or binding :n tne second binding mixture: 

wherein tne compound is capable of inhibiting P-selectm-mediated intercellular adhesion wrier, 
a decrease in the amount of binding of the second bmdms mixture occurs. 

In another embodiment, the invention provides a method or :den::r\ me an mmntor ' 
E-seiectm-mediatad intercellular adhesion wnich compnses 

*3i :omDining a E-seiectm protein with a P-e:ectm ocand protein comrr.Mnc an 
amino acid sequence selected from the group consisting or the ammo acid sequence set forth :n 
SEQ ID NO 2 from amino acid I to ammo acid 402. the amino acid sequence set renn m SEQ 
ID NO. 2 from ammo acid 42 to amino acid 402. the ammo acid sequence set torn :n SEQ' ID 
NO;2 rrom amine acid 42 to amino acid 3 10. and the ammo ^auence >et rcrh :r. SEQ ID 
NO 4. .aid combination forming a first bmdme mixture. 
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~omrm:ng j .ompeur.d l A;th me E-eiectm :ne:r jr.. me p ■ — , 

^' ' '.-m j -j;;nJ mnomg mixture. 

■d< measuring me amount or" omdmg m ;ne second omame mixture and 

ie > .ompanng rhe amount of binding ;n the rlrs: binding m:\ture a :m me amount 

:r omdmg ;n the second omdmg mixture. 

Anerem the compound is capaoie or" inhibiting E ->e!eetm-mediated mtercehuiar adrev m .oer 
a decrease :n me amoun: ~0 binding or me second bindim: mi \ture These m-"m o- m <■. 

o ?e u^ed to iook rcr L-seiectm mnioitors substituting L-selectm r:r E->e:ec:ir. 

The invention uis,o encompasses processes for producing P-se:ec:m ;i eonc protein^ a hum 
comprise a: co-transforming a host call with a DNA encoding a P-e!eetm agano rmtem ana a 
encoding a fucosyi transferase capable or synthesizing siaKI Leu is, X !5 De - ' Lewu 
A -sLe'i -uch as an (ccl.j/al.4i fa cosy! trans re rase or an sal. 5> r'ucosvitransrerase 1 each of >aiJ 
DNAs, remg operabiv linked to an expression control sequence. -b» cuitunns the host ceil in 
>uitaoie culture medium, and ici purifying the P-seleetin iigand protein mom the culture medium 
In certain other embodiments, the host ceil is iho co-transformed \wth a DNA eneooms a oairea 
basic amino acid converting enzyme and/or a DNA encoding a GIcNAc transferase prereraDK 
a core: transferase"! In preferred embodiments, the P-selectin iigand protein is a fuii-iensth n r 
soiubie 'orm. 

In other embodiments, the present invention includes a P---e;ec:m aeano rmtem oawna 
P-seiectm iigand protem activity [n preferred embodiments, the h^ard orotem ^ j rrotem 
ocmrr.smg the sequence from amino acid -2 to amino acid ^ SEQ ID NO 2. . m-i^tm • 
essentiail;. or the sequence from amino acid -I to amino acid oO 0 r SEC' ID NO I . ^r^i^ 
'he sequence from amino acid 42 to amino ac:d iS of SEQ ID NO 2. con o>tm2 ewniidi;-* -\ the 
^equence from ammo acid -2 to ammo acid SS :r SEQ ID NO 2. consotm.i? e^ent;a:N r me 
sequence :rom ammo acid -2 to amino acid I \ i :r SEQ ID NO 2. ;r con listing r^entiair. : me 
-eauence rrom amino ac;d -2 to amino a^;d ^ .^r SEQ ID NO 2 In omer prererred 
embodiments, at ieast one or the as paras me residues at positions o: ' : and 2°2 ;t SEQ ;D N't 
2 na\e oeen deleted or replaced Certain prererred emDodiments, or tne ozand orotem ::mpn^s 
at least one of the tvrosme residues at positions 4t>. 4& and 5 1 or SEQ ID NO 2 DNAs encoding 
mese P-^eiectin iigand proteins, host cells transformed with sucn DNA.. process tor orooucm^ 
protein m cuitunng such host cells, pnarmaceuticai composimms .omonsm^ m.e or:tems. 
memoes :: :dent:r\mg >e lectin rinding mr.ibito^ j^mu me rr^temv artmodies : ■ me omtem^ 
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- > e: - — r embodiments the invention pro\:de- jr. >o;ated D\ A jr.coumc j 

arruno a^;U 60 o; 5EQ ID NO 2. and b) a second amino acid sequence derv.e.: from :ne 
sequence of a protein other than P-seiecun ligand. Preferaoi;.. an expres^on ccr.rrol 
>equer;ce is operaok linked to :ne nucleotide sequence HostceLs transform— vv:m >ucn 
DNA> are also provided. The invention also provides a process for producmc a ruMcn 
protein, which comprises. ia; cuiturmg the nost ceil under condition citable for 
expression or the fusion protein, and ib: purifying the fusion protein from :ne cu.ture 
medium. Fusion proteins producec according to such process are also provide. 

In certain preferred embodiments, the first amino aciu sequence of <uch fusion 
protein comprises ammo acid 42 to amino acid 402 of SEQ ID NO:2. ajrunc acid 42 :o 
ammo acid 3 10 of SEQ ID NO:2. amino acid 42 to ammo acid 88 of SEQ ID NO 2. 
ammo acid 42 to ammo acid I IS of SEQ ED NO: 2, or amino acid 42 to ammo acta 139 
of SEQ ID NO:.. 

In other preferred embodiments, the DNA comprises the nucleotide sequence of 
SEQ DO NO:35 from nucleotide 123 to nucleotide 939. the nucleotide sequence of SEQ 
ID NO:35. the nucleotide sequence of SEQ ID NO:3^ from nucleotide 123 to nucleotide 
SO", the nucleotide sequence of SEQ ED N03~\ the nucleotide sequence of SEQ ED 
N0.3 Q from nucleotide 123 to nucleotide 1311. the nucleotide sequence o: SEQ CD 
NO 39. the nucleotide sequence of SEQ ID NO 41 from nucleotide 123 to nucleotide 
^92, or the nucleotide sequence of SEQ ID N0 4 1 . 

The present invention also provides a fusion protein comprising a a firs: amino 
acid sequence comprising ammo acid 42 to amino acid 60 of SEQ ID NO 2. and b a 
-econd ammo acid secuence derived from the sequence of a protein other than ?->e;ect:n 
ligand. Preferably, the first ammo acid sequence comprises arruno acid 42 to ammo acid 
402 of SEQ ID NO. 2. amino acid sequence comprises ammo acid 42 to ammo acid 3 1 0 
of SEQ ID NO:2. arruno acid 42 to ammo acid 38 of SEQ ID NO:2. ammo acid 42 to 
ammo acid 1 IS of SEQ ID NO 2. or amino acid 42 ;o ammo acid 1 89 of SEQ ID NO 2. 

In certain particularly preferred embodiments, the fusion protein comprises the 
ammo acid sequence "f SEQ ID NO 36 from ammo a^:u -2 to ammn J : ,-e 
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: ammo a.:. ;o jr 



-m:no ac:J sequence or" 5EQ :D N'O -in :r . ?rn j^-ho 4: .., 
^mmo ^c:o sequence of SEQ ID NO aQ, me j^,no acid ^ecraence - 5E~ ;o \o, 
:;om ammo acid 42 to amino acid 264. or :he amino ac:a sequence ot SEQ ID SO a: 
In other preferred embodiments, the second ammo acid sequence > !mked ■ ; — 
C-termmus or the N-termmus or the first ammo acid sequence. u:;h .>r '.v:;r-u- — 
.inked by a linking seauenee. 

In \e: other embodiment, the second ammo acid >equence de::\e: :': ^m . 
protein selected from the group consisting 0: an antibody, a cytokine, a aroun factor „ 
di;fercntiat:on factor, a hormone, an enzyme, a receptor or fragment thereof anc a .: *ana 
PrcrerabA. the second amano .cid sequence is derived from the sequence or' an ummooo, 
from the Fc ponion of an anybody, or is a mutation of a sequence ceroid from jr. 
antibody 

In yet further embodiments, the present invention provides ror a oomoos.tion 
comprising (a) a first peptide comprising amino acid 42 to ammo acid 60 or SEQ LD 
NO:2. and <bi a second peptide derived from the sequence of a protein other than P- 
selectin iigand, wherein the first peptide and the second peptide axe cherrucaJiv hnkei bv 
a moiety other than a peptide Dond Any P-seiec;in Iigand protein of the mver.rnm car 
be used m such a composition. 

BRIEF DESCRIPTION OF THF FIG I RFS 
Fig ; is a grapn comparing :ne binding of P-decan iigar.d protein:* excre-ea -A.;r arc 
■a uhout core2. 

Fig. 2 :s an autoradiegrapn of immunoorcoiritauons or" P-eiectin ::£or.a rm:e:n -m — < 
■A-ith and without cored*. 

F;g 3 aepicrs :he remits ,;f n.^A ._\;,-m^r-. -.• -- ;[ v , :) ...... 

brotem 1 expressed w:th anc .wmout :cre2' to ?-^:ej:m. IcO -mmca ' -C — p 
^eiectin iigand protein monoclonal antiboc\ : \1 Ab I~5 i 

Fig. - is an autoradiczraph ct proteins. including P-elec::n acand rr-tcin. -Ani^n — uno 
to P- and E-^eiecnrvIgG chimeras 

Fig 5 :s a scheme;:; 'cor-sentatien jr >:rjc:ural :-ature> r :ne ruii .enjtr. P— j:ee:m 
agand protein or" SEQ ID NO 2 



WO 98,08949 



PCTl'SQ- U159 



-.:nstru.:ed r'cr :ne purpose or examining me rcie \-,:r.Kec : c - v. -± u : - [Vi ? ]r .c:r.z : :~e 
P^eiectm ;:L'anc prctems to seiectins 

rig depicts tne resuits of experiments to determine :r.e roie cf N'-.ir^ed c:\ o ■* ; ji:,-p 
sites ;n bmaing of the P-selectm hgand proteins to seiectins 
10 Fig. 3 a schematic representation or" several P-eiec:m :-.gand protein fragments 

constructed tor me purpose of examining the role of sulfated :\ros:ne residues in omdine m me 
P-selec::n iigand proteins to seiectins 

Figs. 9- ' 1 aepicts the results or' experiments to determine me ro.e of pirated :■. Msine 
residues in binding of the P-se!ectin iigand proteins to seiectins 
!- Fig.. 12 is a schematic representation of several P-^eiectm ogand protein fragments 

constructed ror the purpose of examining the effects of various deletions on :he binding of :he ?- 
seiectm iigana proteins to seiectins 

Ftg. 15 is a schematic depiction of the quantitative piate omcing assav of Example -tic ; 
Figs. 14-17 depict the resuits of experiments comparing the binding of various deleted 
20 and altered P-selectin hgand proteins to seiectins. 

Fig. 18 is a schematic representation of several P-selecnn iigand protein fragments 
constructed for the purpose of examining the effects of alteration of tyrosine residues in the 
anionic region of the P-selectm hgand proteins on seiectin binding 

Figs. 19-21 depict the results of experiments comparing the binding of various deleted 
25 and altered P-selectin Iigand proteins to seiectins. 

Fig. 22 depicts a proposed model for binding of P-seiect:n .i^ana proteins to P- ana E- 

-eiecun. 

Figs. 25 and 24 depict the results of experiments companmz the binainc or ancus deleted 
and altered P-seiectin Iigand proteins ;o seiectins 

Some of the foregoing figures empio\ a convention for numoen^i: amino acids within 
the aepic:ed constructs which is different that me residue numper.ne empioved ;n SEQ ID NO 2 
!n the figures, residues are numoereo using the first amino acid :: soiurie mature P-eiectin Iigand 
as a starting point Hence, me residue numbers used in the figures are 4i [ess than those of SEQ 
ID NO:2. For example, residue 19 m the figures corresponds to residue :n SEQ ID NO. 2. 

Fig. is ^n analysts of the expression products of CHO ceils, alreadv expressins 5/4 
njcos> transferase and Ccre2 transferase, which were transacted wuh psPSL.T". ATM. 15 Id or 
PsPSL QC znc amplified using methotrexate Conditioned media au.> eimer anai\zea directK or 
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rig I: SDS-P-VG;: -eparat:cn ;r mv io ce:i memcrane " :e:Ps : — ; . 
P-ara E-,e:ect:n Memorane ;wte< a ere prepares rrom L'v3~ me:acoi;c-i:-. .ape.ej a - 
H-g:ucosamine „rd suciected :o affinity precipitation with immopuzed P-anc E--.ec:;r. and 
antral human IgG . El u ted proteins a ere treated with . reduced ' w.tnout nor-—uced ■ 
DTT pncr to gei electrophoresis Lanes !. affinity capture R> numar. IgG . :. ,;r:r,:-. capture 
h> P^eiectm. j. cdTini:\ capture b> E-electin. 

Fig :~ Sequential aftim:;* capture experiments "rMabe.ej Ksate ^:ec-< w — 

ari.n;:;. captured rv P-or E-.eleccm. eiuted. and men Mibiecteu ;o mmuncprecirraticn w:rr. 
anu-PSGL- 1 antiserum Rb3-U7 Lanes 1 and 2. control ;mmur.cprec:piration> or ;re:;n nr. eio.d 
ceil membrane i:- ■ ares using pre-immune rabbi; .erum : lane I : ana Rb3da; , |. ne - 
immuneprecipitaticn with Rb.U43 or mveioid ceil memorane Ivsates previously arfm.tv captured 
ana eiuted rrom P-eiectin i lane 3 .. E-.eiectm . .ane 4 , ana human IgG ■ !ane 5 

Fig. 23 Comparison or CD43 and PSGL- ! content or mveioid cell memorane extract, 
Labeled cell extracts were immunoprec.pitated with anti-PSCL- 1 rabbit polyclonal antibodv 
Rb3dd3 or an anu-GD43 mouse MAb and then subjected to SDS-PAGE autoradiograprn Lajies 
I. immunoprecipitation with control pre-immune rabbit serum. I. immunoprecipitaticn wnh 
Rb344J. 3. immunoprecipitation wnh control isotype-matched mouse antibodv a. 
immunoprecipitation with ann-CD43 antibodv 

F:g. 29 COS transaction experiments COS Mo ceiL ircnsrected w:tr. r:airnids 
eneocing PSGL- 1 or CD43 as weii as Fuc-TIII or Fuc-TYH were metaboiicalK iareiea wnh 

S-methicnine. ana membranes were prepared ;or ar":~in::\ captur-* ■\-^- Tl -". N Js 
Matcpo;^ and Metnods. The cDNAs empioved :n the transaction^ <~ - ■■ - ,r - - . ■ 
Precipitations were performed using (A; E^elecun. ■ B ■ P-eiectin. and .C anti-PSCL- i antiser-am 
Rb3443 and anu-CD43 MAb 

Fig 30 lummar.zes the results of ^re-rnrv? - ^ou^ ^ .-■--■-v . ->^ f , 

nn^inon P- and E--e:ect* n ^"cnn^ ^\ "■m r, " j ' ; 

DETAILED DESCRIPTION OF THE INV FNTTON 
The present inventors have for the first time identified ana isolated a novel DNa Ahich 
encoder a protein which acts as a iigand for P-selectin on human endothelial cells and piateiets 
The secuence or the DNA set ronn in SEQ ID NO : The compete amino acid ^uence of 
the P--eiec::n iigand nrrtem -i e . the mature peptide p:u, ir.e leader -euuer.ce. ;s cnaracrer.zed b\ 
the amino acid sequence set ronn in SEQ 'D NO I from amine .c;d ! ;o amin,. :cc 402 
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^ ~ J '° -- arnin ^ acids. : e arr.mc JW ;j, . :o 20 or amirv ac;d^ - - " s^.~ \ , . 
?^e;e.tir .igcnd protein cenuin> a PACE paired -as.c ammo a.:d ;--.er:r.: ere — ..e^-j- 
>i:e -A:2-A 3 p-Arg-A:g-' at amine acias 3v-I or SEQ ID NO 2 The mature ? - — m 
protern of the present invention is characterized bv the amino acid sequence ^ n m SEQ ID 
NO 2 from amino acid 42 to amine ac;d 40Z A soluble form di che P-selec:m /cane -rocem ^ 
characterized bv containing ammo acids Z! to 3 10 of" SEQ rD NO Z Another .oiuo.e :crrr. ;r me 
mature P->e:ectm ligana protein is .maractenzed bv me amino acid sequence se: :crm m SEQ ID 
NO Z r'rom amino acid 42 to amino ac;c ?:C The soiubie form or the P->electm ocano rorctem 
is further cnaractenzed b> being soiubie :n aqueous solution at room temperature Of course me 
corresponding DNA sequences as >et fonn m SEQ ID NO 1 encoding these c:ote:ns are aiso 
included in tne subject invention. 

The P-seiec:in Jigand of the invention is a glycoprotein wmch ma\ contain )ne or more 
or the following terminaJ carbohverates 



MeuAcot ■. 2 , 3 ■ Gal 3 :1,4; GZcr.'Ac-R 

a ; 1 , 3 1 



\*e\dAea:2,: 2-nl 3 1,3' G2r:;.-.c-?. 

a . 1 



3 



where R= the remainder of the carbohydrate chain, which is cogently attached either Jirectlv 
to the P-seiecun iigand protein or to a iipic moierv which is covaientK attached to :ne P-se:ecnn 
iiganc prctem. Tne P-selectm ligana glycoprotein of me invention mav additional -e Pirated 
or otherwise post-translation all> modified A. expressed m COS and CHO ce!k rail .enetn P- 
^lectin ;:ganc protein , amino acids I :r" SEQ ID NO 2 ammo acias -3 *o ar-2 .,\ SEQ 
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S DS-por. s^r. lamide ;e: :;:;: r ;:nor?'.h 

"he >;r-c:ure ^: :ne ruii-ienctn P-.eiec::n .igana protein ,* ^cr.ernatKa.o. -er~e- cr.ed 
f.oree recion^^ .;: :r.e P--e:e.::n oguna protein t 5EQ ;: Vf : „ rc Jr \ :rscc . 
domain from about amino acid I! :o ; iO or 5EQ ID NO 2 , c* ^r.smerncrar.e jorr.-ir. :r^m 
about ammo acid 3 ; 1 to 332 of SEQ ID NO 2 and an intracellular. o> topi j>rn domain fr-m 
about ammo acid 3 33 to -02 or" SEQ ID NO 2 The extracellular domain j. r.:a:ns tnree 
consensus tnpepude sites . A-n-X-ierThn or potential N-linked g^cosv iation ^e:nnir: a- v.-. 
resioues of. 111. and 292 The extracellular domain further contains three potential -r.es .;r 
ivrosine sulfation at residues d^, jnd 5 ! The region comprised o: residues f contain- 
nign percentage of proime. serine, and threonine including a suodomam of fifteen. decamerK 
repeats or the ten ammo acid consensu:, -equence Aia-Thr.Met-Glu- Ala-Gin-Thr-Thr-X -Pro Leu- 
AIj/Thr wneretn X .an be either Pro. Ala. Gin. Giu or Ar2 Rezicns Mich > :.ne-e arc 
cnaractensnc of highlv 0-g;>cosvlated proteins. 

COS or CHO celis co-:ransfecied with a gene encoding the P--e:ectin Iigand ororein and 
a gene encoding fucosy uransferase i hereinafter FT), preferably an i a 1 .3/<xl .-t ) fucosv itransrerase 
' "3/4FT" ). are capable of binding :o CHO ceiis expressing P-seiect;n on their surface, but are not 
capable of binding to CHO cells which do not express P-se!ectin on their surface. In order to bind 
to P-seiectm, either in punned form or expressed on the surface of CHO ceils, the gene encoding 
the P-seiectin Iigand protein must be co-transfected with the gene encoding an FT. since 
:ransrec::on of either gene :n the aosence of :ne other either abolishes or substantial K reduces the 
P-selec:in binding activuv The binding of the P-eiectin iigand oroiein of the invention to P 
-eiectin can oe innibitea b> EDTA or ov a neutralising monoc:cna. antioodv specific *:r P 
-etectin. The binding of ;ne P-^eiecun ugar.d protein of the invention tc P->eiectin > not .nr.ibned 
by a non-neutraJizing monoclonal antibody specific for P-seiectm or nv an isot\pe control T"he>e 
results characterize the binding specifier, of tne P--eiectin hzanc orctein of the invention 

For trie purposes of :ne present invention, a protein is defined aa hav-ins 'P-eieotin uzar.d 
orctem activ :;\ • e . '.arabiv rererrcj :c r.erem as ^ ?->eiectm .-.sand protein or a^ a P--e.ec:m 
agand gh-coprotein ' )r -impiv as a 'p-selectin nzand Arien it binds ;n a calcium-dereen.aer.t 
manner to P-selectin which is present on the surface of .ells as m the CHO-P-seiect;n binding 
assav of Example 4. or to P--elect:n which is affixed to another surface, for example, as the 
emmene P-eiectm-lgGv ! protein of E\umpie 4 affixed to Petri dishes. 

The glv coiv iation ^tate or the P-seiectm iigand protein or tr.e invention was studied usinc 
a cnimer.c. -.ciucle rorrn or tne ?->eiec:m agsnd protein . describee m Jetan :n Examroie and 
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. ~. p^t-trun^ationa. givcov .aticn. as ue-:ro;c :n acta:. 



i hu>. :t oe::e i .ea :nat oe:n N- and O-nnved oiisosaccr.an Je c.nair.v a: .east -ome a--, a- 
dialed, are r^e~t on the P->eiectin oeund rrotem o; tr.e indention 

The P-seiectin ligand protein of the invention rna> also oir.d to E--eiect:n ana L-eiec:m 
Conditioned medium from COS cells which have been co-<transfe;ted -Ai:h the D N A encoding 
>PSL T~ or P-seiectin iigand-Ig fusions and with the DNA encoding ; 4FT. wnen coatee on weiU 
of plastic microliter plates, causes CHO cells whicn express E->eiect:n to romo to trie ciates 
nowever CHO cens which do not express E-seiectin do not bind to <ucn slates The rinding -f 
CHO cells which express E-^elec:in to microliter plates ccated with conditioned medium from 
COS cells which have been co-transfected with the DNA encoding sPSL.T" and with the DNA 
encoding 3'4FT :s abolished in the presence of EDTA or of a neutralizing amibcov ^cecific tor 
E-^eiectin Conditioned medium from COS ceils transacted oniv with the ^PSL.T" DN A does 
not cause binding of CHO cells which express E-selectin when coated on weils of microliter 
piates For these reasons, the P-selectin ligand protein of the invention is believed to be useful 
as an inhibitor of E-seiectin-mediated intercellular adhesion in addition to P-selecnn-meaiated 
intercellular adhesion. 

Antibodies raised against COS-produced soluble P-selecnn ligand protein are 
immunoreactive with the major HL-60 glycoprotein that specificalS binds P-electin as 
determined bv affinity capture using an immobilized Fc chimera of P-selec;m l'9 3~ cells bear 
a similar immunoreactive glycoprotein ligand. Thus, a single g:>coprotc:n species is observed 
upon EDTA elution of immobilized P-seiectin previously incubated .vitn detergent extracts of H- 
giuccsamtne labeled L"937 cells. This major species exhibits an apparent moiecuiar wewnt ^ 
SDS-PAGE of 120 kD under non-reducing conditions and i 00 kD under reducing condition^ 
As with the comparable species isolated from HL-60 cells, this L'°?" iigand in immuncreactive 
■a ith a polyclonal antibody raused against COS recombinant P-e':e:tm ucand oroteir, ;n addition, 
affinity capture c: E-selectin ligands from L"9?" ceil and ceil memDrane preparations aMne an 
immobilized Fc :himera of E-seiectin. vieid a single maior secies 'Aith identical ma>, and 
eiectrophoretic benavior as the major U93~ P-seiectin iigand. Thus. E- and P-seiecim recoenize 
the same major glycoprotein iigand in U93 7 cells, a glycoprotein ugand immunoreactive with an 
anti-P-seiecun iigand protein antibody and possessing the same apparent mass and eiectropnoretic 
behavior as full length, recombinant P-selectin ligand protein 

Fragments of the P-selec:in Iigand protein which are capable >t interacting witr. P-e:ectin 
or wnich are capaoie of inhibiting P-e!ectm-mediated intercellular adhesion axe also enccmDassed 



WO 98.08^4^ 



TCT 1 S9~ 14150 



region .: :ne P-e.e.tm ..gar.d rrMJ:n r.j'.ir; j ;;w rreauer.c r >~~j jnd inrjorme v^o — 
.immo a..o> ^ \ 1~ : ; SEQ ID NO 1. a h:gr, frequencv :■: rroime. ^rrc. joo tr.re tv-.j 

:r. add;::r v two consents "equer.ce>" for aiparagine-imkea zr-:z >\ .anon -\^-\- N ^~7" 
anctner ;arger rragment. ammo acids I 2 j :o 26" or SEQ ID NO 2. bavins oem j msn :-eduenc 
or proline, senne. and threonine and containing fifteen repeats of me foilo-wina ten ammo acid 
consensu, sequence AJa-ThrMer;-G;u-Aia-Gln-Thr-Thr-! Pro- Arz Gin/ Aia. COa ■-■ Le-a. P — - 
■ AUThn smailer fragments within this large fragment may aiso retain :ne eapacro. :: nteract 
with P^eiectin or act as inhibircrs of P-se!ect;n-media:ed intercellular adhesion :r.e r eo:on 
jontomtr.g a consensus sequence for asparagire-lmkea gi vcosviation and comprising am: no a^:0- 
26a to of SEQ ID NO 2. the hydrophobic region f the protein represented bv ammo acids 
309 to 3o3 or SEQ ID NO. 2, and the ampncpmhc region of the P-seieeun hganc nrrMem from 
ammo ac ids 354 to 402 of SEQ ID NO 2. Additional fragments mav compose amino ac;d 4 * 
amino acid 5o of SEQ ID NO. 2 or amino acid 42 to amino acid bO or SEQ ID NO 2. .v::r. one v 
more suifated or pnosphorv lated < Domcheck e: ui. Biochemistry J : 9$65- c >S~0 < I Q 92- tvresmes 
at amino acid 46. amino acid 48. and/or amino acid 5 1 . Fragments of the P-seiectm iigar.d protein 
may be :n linear form or tney may be cyclized using known methods, for example, as descnbed 
in H.U Saragovi. et at.. Bio/Technoiogy J_0, "3-78 i 1992) ana m R.S. McDoweti. e: j/.. ; 
Amer Chem. Soc. _M4, 9245-9253 { 1992). both of which are incorporated herein py reference 
For the purposes of the present invention, all references to "P-seieetin ligana protein ' herein 
include fragments capable of binding to P-selecun. 

Such fragments may be fused to carrier molecules ^uch as .mrr.unoeiocuiins. to -.crease 
me vaienc;. of P-selectm ngand binding sites For example, soiunie terms or the P-eiectir. ooanc 
protein 5 ucn as the fragments from amino acid 42 to ammo acid 295 or frcm amino a^.d 4 2 : : 
amino acid 88 of SEQ ID NO: 2 may be fused tnrougn linker sequences to the F: portion or an 
mmunogicbuiin : native sequence or mutatea sequences for conrerr.nj oesiraoie quuntoe sucn 
a^ longer naJf-Iire or reduced immunogenic; ty i to the re-, m ting cntrr.era ■ For a Divalent r :rm n 
:ne P-seiec.in ligana protein, sucn a fusion .ouid oe to tne F. p,.rt;..n ; an IcG moiecu.e a- .n 
Exampie 5iD> ana in SEQ ID NO o Other immunoglobulin >ct\pes mav also pe _^ea :o 
generate such fusions. For example, a P-se!eetm iigand protein - lz\[ fusion would generate a 
aecavaien: form of the P-selectin iigand protein of the invention. 

Fusions of an> or the P-se:ec::r. hganc proteins of the present invention to ammo acid 
sequences denvec) from other prcteins mav ai^o be constructed Preferred P-e;ect;n oeand 
proteins *or sucn purpose include '.he fragments rrom amino acid 42 ;r ; amino add 2°5 -r rrom 
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■ igar.d. Mj.n as. :er example. :'.::m^v growth and differentiation racier- sjch a- none 
merer ^ceect:c pre terns • e g . 3 MPs . nermcr.es. enz;> mes. rececte: eomreoneru- - •'e.cmer ^ ^d 
ether egands Aiso. P-se:ecnn ligar.d protein can ce cnemicail;. ccupied to other erotems or 
pharmaceutical agents In such usage. :he P-seleetin iigand protein, by virtue - the abiiu to 
interact uith <e;ec:m molecules, alters '-he pharmacoKinetios and/or oiedistneuncr. or tr.e ruseo 
or coupled agent thereov ennancing ::> therapeutic efficacy For example, fusion -fa P-se:ect:e 
hgand orotein sequence to a cytokine seduence can jirect the cytokine's activir :o an area or 
inflammation. In such instance, the P-seiectin ligand protein protion or" the fusion erecein a ill 
eind to selectms expressed at the site of inflammation This binding w 1 1 ; cause :r.e c-.tOKine 
ponion of the fusion protein to become iccahzed and available to bind its cosnate receptor or an> 
proximal ceil surface. Other ligancs ccuid similarly be used ;n such fusions proteins to attract 
cells expressing their corresponding receptors to a site of P-selectin expression Preferred 
examples of such fusions are described ;n Example 1 5. 

In any fusion protein incorporating a P-seiectin hgand protein, the amino acid ^ecuence 
derived from a protein or proteins other than P-selectin iigand can be linked ;o either me C- 
terminus or N-termmus of the P-selectm iigand-denved sequence The hnkaee mav be direct (i.e.. 
without an intervening linking sequence not derived from either protein) or througn a iinkine 
sequence 

Methods or treating j mammalian subject u>ing such fusion orctems are aiso 
contemplated by the present invention In such instances, the fusion protein is used to treat a 
condition which is affected rjv the protein ;o wr,;cn the P->elee::n neand reretein ; : . rused Ft 
e.xaampie. a fusion of a P-seiectin ugana protein to 1L-1 1 could be used to localize tre actr-iu or 
EL-1 1 to bone marrow endothelial ceils which express seiectms on their surface. Once localized, 
me IL-I 1 ponion of the fusion protein will stimulate megakar. oc\ te oroeentters S;mnar:\. a 
rusion of a P^electin ligand protein ;o a BMP ccuid be used to stimulate bone or caniiaee 
formation in an area of injury Injured tissues express P-seiectin. which will bind the :u>ion 
protein Once localized, the BMP portion or the fusion protein will stimulate Done or caniiase 
production in the area of injury. 

As detailed in the Examples eelow, the P-seiectin iigand protein of the invention was 
inuia.iy obtajned using an expression cloning approach 'Clark e: d/.. U S d-.6~5.2S c ) A c DNA 
liOror. was constructed from the human prormeiocytic cell line HL-eO ■• S J Collins, e; e: Nature 
w -34^ . 1 Q r ATCC No CCL Z-Q> This library was cetransreeiea ;nto COS ceii, with 
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' r " -'^:ir.c '" r :nc ^.irjc^.uur portion ^ ?->e;ect:o and the rc :on;on r u nurr.ar. ; J( 

-rvrvv.. nji antiboc;;. C ::ransfec:-nrs anion hound tne chimeric P-^lectir. ^er-j er.nc.ned : - 
-DNA* encoding the P->e:ectm agar.j procem This screening process a as repeated ce-: \-e 
:o enncn me piusma population further for ;DNAs encoding the P-e!ectm iicurd r:::e:r ir. ^ 
second cloning stage, the enriched plasmid population was again cotransrected mtr COS :e; ; s 
with the 3 /a FT gene and screened for binding to a fluorescentiv labeled CHO ce:I ape A r : ;r 
expressed P->eiectin on the cell surtace A single cDNA cione '.us obtainea from :.m, um-oacn 
and -a ^ designated pMTZ: PLS5 The p\lT2 ; PLS5 plasmid was deposited with the American 
Tvpe Culture Collection on October 16. 1992 ana given the accession numDer ATCC t^O^ 
1 ^ One novel DNA of the present invention is set forth in SEQ ID NO 1 The DN'A or tne 

present invention mav encoce a variety of forms of the P-seiectin iieand protein F^r e\amp:e 
in one embodiment, the DNA of the invention encodes ;ne entire P-seieenn iisana protein oav nc 
the amino acia sequence set forth :n SEQ ID NO 2 from ammo acid I to amine ac;J 402 In 
another embodiment, the DNA of the invention encodes a form or the P-.eiectin lisand protein 
20 which lacks the signal sequence and which is characterized by the ammo acid sequence set forth 
;n SEQ ID NO 2 from amino acid 2 1 to amino acid 402. In vet another embodiment, the DNA 
or the invention encodes the mature P-seiectin hgand protein characterized bv the ammo acid 
sequence set forth in SEQ ED N0 2 from amino acid 42 to amino acid 402. Another embodiment 
or the DNA of the invention encodes a soluble form of the P-seleccm hsana protein characterized 
25 ny tne amino acid sequence se: forth ;n SEQ ID NO 2 from amino acid ; to amino acid 1 0 The 
DNA o; the invention ;s also emoodied in a DNA encoding a MOiuble form of the mature ?- 
lectin ngana protein, saia protein being characterized bv ;ne ammo acid sequence *et torn n 
SEQ ID NO: 2 from amino acid 42 to amino ac:d 3:2 The DNA or the invention > tanner 
embodied in a DNA sequence encoding a soluble form or the P-e.ectm heand pr-tein a men 
30 lacks the signal sequence, said protein being characterized dv tne ammo acid sequence -c :o~h 
:n SEQ ID NO 2 from amino acid 2! to amino acid ; :0 The DNA of the prevent invention * tree 
from association wun other human DNA> and i> ;hu> characterized as ar. isolated DN\ 
detailed drove. DNAs wnicn encode P-se:ectm iigand traements wnicn interact with P->e:e.t:n 
axe aiso included in the present invention. 

The ^pressicn of P-^eiecnn hgand protein mRNA transcripts has oeen ooserved m a 
variety of human ceil lines . HL-oO. THP-i. L'P3"i and ;n human mcnccvies ana 
pcivmorpnonuciear :eukcc>;es bv \onhern anaiv^s using a P-se:ectin hirand protem cDNA 
p r oce !n all of these .eii anes. a major transcript ;f 2 ; kb .v as observed A miner ^pecie^ r 
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.euKcote. >, contract, no ?-Tect:n .icand m R N A crre-' - a> jetected - - - 

"eratccaMomd ce:! ::r.-c HtpGl 

"' e P'-^-'in uear.c protein cr":he i mention ;> encoded r-. - 1 n ^ :e err 1 , cjre.ir.j .n Po- 
part or a x.u::i-gene family, as determined by Southern bloc anau^ The generic form cftr.e 
P-selectm !;gand protein of the invention contains a large rniron or approximated o ^ .ccated 
at nucleotide 54 in the 5 untranslated region In poiymorpnonuc!ear leukoses ano moo v.tes 
the P->e:ec:m iigand protein of the invention is encoded b% the DN'A .equer.ee set ronn .n SEH 
ID NO • :n this emDodiment. the P-selectin Iigand protein contain* ^;\teen repeat rezior^ Tne 
isolated DN'A of me mention is correspondingly aiso emcodied :n the DNA secaence se: forth 
;n SEQ ID NO: J ana :s contained on plasmid pPLS5R16 which jeposited iwtn the American 
Tvpe Culture Collection on October 22. 1993 and given the Accession Numoer ATCC "55" 

The invention also encompasses allelic variations or the isolated DN'A as >et forth ;n SEO 
ID NO ; cr of the isolated DNA as set forth in SEQ ID NO 3. that iv naturallv -occurring 
alternate forms of the isolated DNA of SEQ ID NO: I or SEQ ID NO 3 which also encode 
proteins having P-selectin Iigand activity Also included in the invention are isolated DNA, 
which hybridize to the DNA set forth in SEQ ID NO: 1 or to the DNA set forth in SEQ !D NO 3 
under stringent (e.g. 4xSSC at 65°C or 50% formamide and -ixSSC at 42 U C ; . or relaxed 4xSSC 
at 50°C or 30-40<* formamide at 42°C) conditions, and which have P-selectin iigand protein 
activity Isolated DNA sequences which encode the P-seiectm iigand protein but wm:: differ 
from the DN'A set forth in SEQ ID NO 1 or from the DNA ,et torn m SEQ ID NO 3 T .inue 
of the degeneracy of the genetic code and which have P-seiect:n iigand protein acrivuv are also 
encompassed b> the present invention. Variations in tne DNA a> >e: renh m SEQ :D NO ; or :n 
the DNA as set forth in SEQ ID NO 3 which are caused m pnm mutations or ^ induced 
mcximcailonTwhich enhance the P-selectin Iigand activit;. . half-iiie or production, leve: arc ai<:o 
;nc^ded in tne invention For the purposes of the present :menucr. T referen.es her-m to tr.e 
"DNA of SEQ ID NOT' include, in addition to D N A s comprising the -rec:T DNA .ecuence 
form in SEQ ID NO 1 . DNAs encoding the mature P->e!ec;m .:gar.j ornein of SEQ ID NOT 
DNAs encoding fragments of the P-seiectin Iigand protein of SEQ ID NO 2 Ahicn are capable 
or binding to P-setec;m. DNAs encoding soluble forms of the P->eiec:in hgand protein of SEQ 
E> NO-:, allelic vanations of the DNA sequence of SEQ ID NO : DNAs wnicn hybridize to the 
DNA .eduence cf SEQ ID NO: 1 and which encode protein, having ?->eiectm ;,aanc pr-tem 
activity . DNAs which differ from tne DNA of SEQ ID NO I hv '.;rtue or decenerac. of the 
genetic ccoe. arc the -.anations of the DNA sequence or SEQ ID NO : ,et torh a no\e .ym:!aT 
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:n SEQ ID NO j. L \.A> the mature P-.e:ec:i- >-jr.d rr. tem : SEQ ID \< - , '>\ ~ 

encoding rragment- r :ne P-eiectin ligand pmein f SEQ ID NO 4 wmc.n are raoa-ie * ->n 
to P^e:e:t:o DN'A> encoding soiubie forms or the P-eiec::r .-and rr.rceir: ■ : ; "E<~' 'I V . 
allelic \ar.ations of the DNA of SEQ ID NO 3 DNAs wmcn rubricize to me DN A ^ooence o 
SEQ ID NO: 3 and which encode proteins having P-seiectm iigand orocem actiwr. E>N A> wnicn 
differ from me DN'A of SEQ ID NO : by wnue of degenerac;. o: :ne genetic cede. — me 
vanations of the DN' A of SEQ ID NO 3 set fenh above 

A DNA encoding a soluble form of !he P-^eiectin tisiand orotem ma\ ^e rrerared 
expression or a modified DNA in whicn me regions encoding the transmembrane and c. rona^rric 
domains or the P-se!ect:n ligand protein are deleted and/or a stop codon is introduced * to the 
codon ror me amino acid at the carboxv terminus of the extraceiiu.ar domain For e\amr?ie. 
h>arophoDic;t> anaivsii predicts mat the P-seiectm ngand protein set form in SEQ ID NO 2 oas 
a transmembrane domain compnsed of amino acids 311 tc 332 of SEQ ID NO 2 -nd a 
cytoplasmic domain compnsed of amino acids 333 to 402 of SEQ ID NO 2. A modified DNA 
as described above may be made by standard molecular biology technique., mciudim: ^re- 
directed mutagenesis methods which are known in the art or by the polymerase chain reaction 
using appropriate oligonucleotide pnmers Methods for producing several DN Ab encoding 
various soluble P-selectin iigand proteins are set forth in Example 5 

A DNA encoding other fragments and altered forms of P-e!eetin iigand orotem rrrav re 
prepared b\ expression of modified DNAs in which portions or tr.e fuli-iemrm ^j,uence ha-.e 
oeen deleted or altered. Substantial deletions or the P-eiectm :i:and protein >eouerce cap. oe 
made wo.:- retaining P-selectin ligand prorem activitv For examrie. P-eiec:m lizard — te:;v 
compnsing tr.e sequence from amino acid 42 to ammo ac;d ! or SEQ ID NO 2. the -.eauence 
from ammo acid 42 :o amino acid ! I 8 of SEQ ID NO 2. or the sequence from amino »c:d 42 o 
amino acid S9 of SEQ ID NO 2 each retain the P-^eiecttn protein binding actr.irv ^ nc ;r ., 
to bind to E-seiecun. P-seiectin hgano proteins in which one or mere N-jmked zo. co .\ Ian. n Mie- 
-acn as 'nose at ammo ac;ds or. : \ . and 2-2 or SEQ ID NO 2 .ia\e -een znanzea ' s mer 
amino ac;c^ or deleted also retain P^electin protein nmdins activt\ and me anim, m rmd E- 
seleain. P-seiecun iigand proteins compnsing from ammo acid 42 to amino acid oO or SEQ ID 
NO. 2 .whicn includes a highly anionic region of toe protein from ammo acid 4< :o ammo acid 
r3 of SEQ ID NO 2: aiso retain P->electm iigand protein activir. nowever. P-eiecm -.zard 
proteins omited to >ucn sequence do not bind to E-^eiectm Preterarr. a P-.ei 
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' ?• lectin ..gar.d prcte.n .ct.v.r. C nstraction ,f DNa, crvoain; arc ore: a.tr.e 

:ra*~ent- or ar.erec form-, .if' p^e-ecrn ic-i-,' -r— m -.. 

.1 ...... i, mi. ?c a^crnpiisr.ec: in acccJance a 

metr.ods .<ncwn to tr,ose skilled :n ine art 

The isolated DN'A or the mvent.cn may be operabiv i.nked to an expression control 
sequence such as the pMT2 or pED express.on vectors disclosed in Kaufman ,.. Nude:.- Ac.ds 
Res -1, 4485-4490 .1091, ,n order to produce the P-se.ect.r. I.gand reccmo.nantlv Man-. 
,ult2Cie ix P ressicn --ontro, sequences are known , n the an General metnods or express* 
recombinant proteins are also vnown and are exemplified in R Kaufman. Metne^ r 
Enzvmology ISf. 53"-566 , 1990,. A, defined herein operabiv linked" means enzymat.caiiv , r 
Chemically '.gated to form a covaient bond between tne isolated DN'A of the mvention ana the 
expression control sequence, .n such a wav that the P^eiect.n ligand protein :s expressed bv a nest 
ceil which has been transformed , transfected, w,th the i.gated DN.Vexpress.on control sequence 
Several endoproteolvt.c enzymes are Known wh.cn cleave precursor peptides at the 
carboxvl side of pa.red amino acid sequences .e.g.. -Lys-Arg- and -Arg-Arg-. to yield mature 
proteins. Such enzymes are generally known as paired basic ammo ac.d converting enzymes or 
PACE, and their use in recombinant production of mature peptides is extensively disclosed ,n WO 
92W698 and U.S. Application Senal No. 07/885.9-:. both of which are incorporated herein bv 
reference. The PACE family of enzymes are known to increase the efficiency of proteolvtic 
processmg of precursor polypeptides ,n recombinant host cells. As mentioned above. :he P- 
.elec-.in ligand protein of the invention contains such a PACE cleavaee site 

The soluble mature P-selec.in agand prote.n of tne present mvention may oe made pv a 
nest cell wh.ch contains a DN'A sequence encoding any soiuole P-.eiect.n i.gar.u S ro:cm js 
desenbed herein and a DNA sequence encoding PACE as described in WO 91'0969>, and I' S 
Appl.cat.on Senai No. 0-/885.9":. incorporated here.n bv reference, or using the DN'A sequence 
of SEQ ID NO 5 Such a host cell mav contain the DN'As a, the result of co-transrorma.ion cr 
sequential transformation of separate expression vectors containing tne sotuble P-,electin ..-and 
croteir. DN'A and the PACE DN'A. respectively A third DNA wh.cn encodes a 3--FT maw.se 
*e c: -transformed with the DN'A, encoding the P-select.n ligand protein and PACE 
Alternatively, the host cell may contain the DNAs as the result of transformation of a single 
expression vector containing both soluble P-selectin ligand protein DNA and PACE DNA 
Contraction of such expression vectors ,s within the level of ordinary skill n molecular biologv 
Methods tor co-transformation and transformation are also Known 
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' ■■rrr. : r \c_ E. ^r.o a n ^ :unr. . : ^ diseased -\ M \\ .jr. Jen , A^nd : \- ;. . N_: Kj- 
_2 ? i ^ . incorporated nerein bv reference A ;D\A encoa;nc a i^bic : :rm " : P VCE. 
.sbc-wr. ^ ?\CESOL. o ^: :cr:r. in SEQ :D NO : DN A> encodm,' -ner • ;rm> ; P\.TE a;,o 
exist, ana an\ sucn P.ACE-encoamg DNA mav be used to produce me soluble mature ?--.ec;m 
iigand protein or :he invention. so long as the PACE is capable of cleav,^ the ?-*eiec::- ;c:and 
protein at amino acids 3 S — : 1 Preferably a DNA encoding a soluble form of P-\CE .> a^ea :o 
produce me soiubie mature P-electm ligand protein of the presen: invention 

The DN A-, encoding a soluble form or the P-setecrm iigar.d orotem and PACE. *erarate:\ 
or togemer. ma\ oe operablv linked to an expression control sequence >ucn as those contained :n 
me p.MTZ or oED expression vectors discussed above. :n order to proauce me PACE-c.eaved 
soiubie P--e;ec::n ligand recombinant!) . Additional suitable expression control >eduer.ces axe 
known m 'ne art Examples 3<C: and hDt beiow >e: fonn methods for producing me -oiunie 
mature P->elecr;n ngand protein of the invention. 

A number of types of ceils may act as suitable host ceils for expression of :he P-e;ectin 
uganc protein. Suitable host ceils are capable of attaching carbohydrate side chains characteristic 
of functional P-seiectin ligand protein. Such capability may anse by virtue of the presence of a 
suitable glycosylating enzyme within the host cell, whether naturally cccumns, mauced by 
chemical mutagenesis, or througn transfection of the host cell with a suitable expression nasmid 
containing a DNA sequence encoding the glycosylating enzvme Host ceils include, for example, 
monxev COS ceils. Chinese Hamster Char* iCHOi cells, human Kidney 293 ceils, numan 
epidermal A-3 ! ce : 's. numan Colo205 ceils. 373 cells. CV- 1 ceils, otner mansrormeu pnmate cell 
lines, normal diploid cells, cei: strains demed from m -tro culture or pnmar> ti^ue rr.mar. 
e.xpiar.ts. HeLa cells, mouse L cells. BHK. HL-6G, 093*. or HaK ceiis. 

The P-seiecun ligand protein may aiso be produced b> operablv iir.Kins me i^oiatea DNA 
or the invention and one or more DN'Ai encoding suitable giv cov* latins enzvme^ t- ^utaoie 
control sequences ;n one or more insect expression sectors, and employing an msec: exp-e-sion 
-v-tem Materials -cod metncds ror bacuiov irus, msec: ceil expression ^.wems are commercial K 
available :n kit form from, q Invitrogen. San Dtego. California. 0 S A * the MaxBaci and 
such methods are well known in the an. as describee in Summers and Smith, Texas -Vc— alnaral 
Experiment Station Bulletin No 15 5 5- . incorporated herein bv reference Soiuble forms 
or the P-veiecttn .igand protein mav also be produced in insect ceils using appropnate ooiated 
DNAs a^ described above A DNA encoding a form or PACE mav farmer oe co-expre^ea m an 
ms.ee: no^t .el! to prcouce a PACE-cieaved form of 'he P-eiec::n ncano protein 
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A;:em.:::-.e.. : ~ a .. - r ^ — :. rrcc^e — P-—:- ..cono — tern - . 
c^arvoiev j> or in pr-^ur. ne^ ^.n as oactcno — entiiio. m:;:-- . :rj:rv 

include S^c^njrrmr.ces c^wo^v Sc-.::^sr^c"3rcrr:\cc: --^'^ A"...- . \ e -nny, ^r3T^ " 

or am. '.east strain caoaoie or expressing nereroiogcu* ?rctem> Potentially ^oitaoie — . 
strains include Eschencnia coit. BaciiLis suDtiiis. Sctmoneila r.n mmit ru trr . m or am bactera! stram 
capable of expressing heterologous proteins If the Prelect- Iigand protein is made m -.east or 
bactena. it is necessary to attach the appropriate carochy drates to the appropna:e ^tes on :ne 
protein moiety covalently. in oraer :o DDtain the glycosylated P-seiec:in Iigand crotem Sep 
covaient attachments mav be accomplished using known chemical or enzvmatic methods 

The P-selectin iigana protein of the invention may also be expressed as a product or 
transgenic jmmais. e g.. as a component of :he milk of transgenic cows, soats. pi^s. or sneer 
which are characterized by somatic or germ cells containing a DNA sequence encoding the P 
selectin iigana protein 

The P-selectm binding activity of a P-selectm protein may be enhanced rn co- 
transformation of a nost cell with a GicNAc transferase, preferably L'DP-GlcNAc.Gal 01- 
3GaL\Ac-R(GlcNAc to GaiNAc 101-6 GicNAc transferase t EC Z.-. I 102). also known as core! 
transferase.'' 

O-linked glycans present on P-selectin Iigand protein have been shown to oe imponant 
for binding to P-selectin ( D. Sako et at. . Ceil Zl, 1 1~9- 1 1 S6 . I 99? v, It has been reported that 
sialyl Le* on O-linked glycans of myeloid ceils are presentee on complex, branched structures 
Maemura. K. and Fukuda. M.. J Biol. Chem. ZfC. 2-3**Q-Z-oS6 -1992.: The enzyme 
responsible for generating such oligosaccharide structures is ccrcZ" The coreZ enzyme activity 
:s rounc at very iow levels m COS cells and at trace le'.e:> :n CHO cells Host cciis co- 
transformed with DNAs encoding a P-.eiectin iigand protein, an a 1 .3 ai .4. fucosv iiransrerase 
and coreZ can produce P-selectm iiganc protein exhibiting 20-30 :oid enhanced binding tc ?- 
selecnn. 

In certain preferred emDodiments. P-electin iigana protein is produced by co-transecting 
a host ceil with DNAs encoding soluble P-elec:in iimnc orctein. ; -FT. coreZ and PACE 

The P-selectm iigand protein of the invention may be prepared ny cuttunne transformed 
host cells under culture conditions necessary to express a P-seiecun binding glycoprotein The 
resulting expressed glycoprotein may then be purified from culture medium or ceil extracts 
Soluble forms of the P-^elec:m iigand protein of :he invention can ne punned by affinity 
chromatography oyer Lentil iectin-Sepnarose'D and .uosecaent eiution witn 0 5\i cc-methvl- 
mannoside The eiuted ^olunie P-<e!ec;:n ngand pr-iem .on :nen ~e further ?unf:ed and 
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A.remut: ■. e: 'u; iength :crm> of the ?-e:ectm uzar.d orotem ;r tne invent:. ~ -.r"":-' 

rrctranr-g a :c:ai memcrane traction trom :ne exrresiino: ..-.j :\:--^- ~ - 
with a ncn-ionic detergent sucn as Tnton X-IOG The aetereem extract can ir.cn ne r^ed n^- 
an affinity column comprised of" immocilized P-veieam. and :he ?->e:ec:in li-ano rr ^e:n jar: oe 
-luted from me column vwtn i OmM EDTA ;n a naffer containing 0 ! determent Tne materia, 
eiuted rrom the affinity coiumn car, :hen be diaivzed :o remote EDTA and runner run: fed over 
a Len:ii tectir.-Sepharosel affinity column, again eiuiiRs .vm C 5\1 a-methv i-mannc-.de 

Alternatively, the P-se!ectir. ugand protein or' tr.e indention ;s concentrated u^ns a 
commercial available prccem concentration filter, for exampie. an Amicon or Milhpore Peihcon 
ultrafiltration unit Foilowing the concentration >tep. the concentrate can he aropned to , 
purification matnx such as a gel filtration medium A. reman vei y. an anion exenunze resin can 
be employed, for example, a matnx or suostrate having pendant Jierhv:aminoe:h\ i DEAEj 
groups The matrices can be acrvlamide. agarose, dextran. cellulose or other types commons 
employed in protein punflcation Alternatively, a cation exchange step can he employed 
Suitable cation exchangers include various insoluble matrices comprising suifoprcovi or 
carboxymethyi groups. Sulfopropyl groups are preferred - e.g.. S-Sepharose'$ columns; The 
purification or the P-seiectin hgand protein from culture supernatant may also include one or more 
column steps over such affinity resins as concanavalm A-agarose. hepann-tov opearl r or 
Cibacrcm blue 3GA SepharoseZ 1 ; or nv h>dropnobic interaction enromatozraon v -^inz >ucn 
resins a, pnenyi ether. Dutvi ether, or propyl ether: or ny immunoarrmitv enromato-aenv 

Finally, one or more reverse-erase nign performance nauid chromatography RP-HPLC 
^teps employing hydrophobic RP-HPLC media, e g . 5 ;.ica ge: ha-.:na pendant metnv , or other 
aliphatic groups, can be employed to runner punrv me P->,e:ect:n ircano protein S^.me t ad -f 
me. foregoing punftcaiion steps, in various combinations, can also oe employed :o or :de j 
substantially homogeneous isolated recombinant protein The P-eiect:n azand nr^tem :oun 
punned :s substantially free of other mammalian prztems and i> aefmed in accordance .vm tne 
present invention as 'isolated P-seiectin iizand orotem ' 

Isolated P-selectin hgand protein may oe userui m treating conditions characterized bv 
P-. E- or L-seiectm mediated intercellular adhesion Sucn conditions include. vvitnout limitation, 
myocardial infarction, bactenal or viral infection, metastatic conditions, inflammatory disorders 
Mjch a»s annntis. gout, uveitis, acute respiratory distress v.ndrome. asthma, emohvsema. deiaveu 
v-pe r.y oersensitivitv reaction, systemic :upus en- trematc-us. thermal mmr, su^n ^ums 
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■ -'J.::r.L- jr.: .in rvjr. urcrvj - -near. :c :::il::tu. j.are:^ ruu j ^ — -rr^ nrjir-r-' 

jne;,;tiv renoccntiti, netrtc-y::.- .r,rr:. 5 vncrome curative con:,, Cronn . ci^.o 
necrotizing enterocolitis, granulocyte transfusion associated synarome, cytccne-induced toxic.v. 
and the like Isolated P-selectm iigand protein may also be useful , n organ .rar-.roiantation. ?cth 
to prepare organs fcr transplantation and to queil organ transplant rejection A.corainiiv . ?■ 
^lectin .igar.a protein may be administered to a Imng or ncn-i,v;ng organ jor.cr. prwr :.• or-,n 
removal l n addition. P-select.n iigand protein mav be administered vc.-mi to the joncr .-rsan 
concomitantly with organ preservation solution, pnor to. and/or subsequent :o <ur.2i.rai 
anastomosis with the recipient. Isolated P-selectm hgand protein mav be used treat 
rsemodialysis and leukophoresis pat.ents. Additionally, isolated P-eiecrin iigand protein mav re . 
Ui " JS Jn -""'^"astatic agent Isolated P-selectin iiganc- protein mav ce used itself as a„ 
inhibitor of P-. E- or L-selectm-mediated intercellular adhesion or to design mnibitors of P E- 
or L-.electin-med.ated intercellular adhesion The present invention encompasses coth 
pharmaceutical compositions containing isolated P-selecun Iigand protein and tnerapeutic 
methods of treatment or use which employ isolated P-selectm Iigand protein. 

Isolated P-selectm hgand protein, purified from cells or recombinant^ produced, mav ce 
usee as a pharmaceutical compos.tion when combined w,th a pharmaceutical I v accectable earner 
Such a composition may conta.n. ,n addition to P-selectm iigand protein and earner, diluents, 
tillers, salts, buffers, stabilizers, solub.lizers. and other matenais well known sn the ir . The terrr. 
pharmaceutical^ acceptable ' means a non-toxic matenal that does not interfere w„n :n; 
errectr.eness of the oioiostcai activity of the active ingredient, s, The ;naiac:cr.sncs or trie earner 
•vi,l aepena on the route of administration. The pharmaceutical composition or tne invention mav 
also conta.n cytokines, ivmphokines. or other hematopoietic factors sucr. as M-CSF. GM-CSF 

u-i. n-:. n-3. a.... 0.-5. a.-*, n.--. n_-s. u-q. n_-io. il-i 1 il-i;. c-csf. Meg-csF „em 

cell factor, and erythropoietin. The pharmaceutical composition may contain -.nromboiytiw or ant.- 
tnromootic ractors such as plasminogen activator and Factor VIII The Dharmaceuticj; 
-omposition mav further conta.n other antiinflammatory agents Such add.t.onai ractors and cr 
agents may be included ,n the pharmaceutical composit.on to produce a synergistic effect w„h 
isolated P-selectm Iigand protein, or to minimize side effects caused by the isolated P-.eiectm 
iigand protein Conversely, isolated P-seiectin Iigand protem mav be included in formulations 
:r tne particular cytokine. Ivmphokir.e. otr.er hematopoietic factor, thrombose :r anti- 
thrombotic factor, or anti-,n:lammator. agent to minimize Moe effects of the ctoKine. 
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The pharmaceutical composition or me indention mav ne :n ;ne form ; . — - 

^hic.n isolated P-seieccm :igand protein is combined, in addition to oner o-\..r~ a., 
acceptable earners, with amphipathic agents such as lipids which e\iM m a-cre dated vrm a 
micelles, insoluble monolayers, liquid crystals, or lamellar layers wmch :n aqueous .omtion 
Suitable lipids for liposomal formulation include. Without limitation, rnono^/. .enaes 
dtglvcenaes. suifatiaes. Ivsolecithin. phospholipids, saponin, bile acids, and the iiKe Prcrarativ-r 
of such liposomal formulations is within the level of skill in the an. as disclosed. r;r e\amrie. m 
L' S. Patent No -i.Z35.ST l . U.S. Patent No 4. 501. "IS. US Patent No i.iy.Zl*. and US 
Patent No 4T3~\323. all of which are incorporated herein by reference. 

As used herein, the term "therapeutically effective amount means ;ne :ota. amount ; r 
eacn active component of the pnarmaceuticai composition or method that :s sufficient :o • 
meaningful patient benefit, i.e.. healing of chronic conditions characterized ov P- ,o:econ 
seiectm-mediated cellular adhesion or increase in rate of healing or sucn condition, When 
applied :o an individual active ingredient, administered aione. the term refers to mat mzredient 
alone When applied to a combination, the term refers to combined amounts of the active 
ingredients that result in the therapeutic effect, whether administered :n combination, .enallv or 
simultaneously. 

In practicing the method of treatment or use of the present invention, a theraceuticaJK 
effective amount of isolated P-seiectin ligand protein is administered to a mammal ha--:m: a P- 
selectm-mediated disease state. Isolated P-seiectm iigand protein mav oe administered :n 
accordance with the method of the invention either alone or in combination w :tn otr.e: -crane , 
such as treatments employing receptor antagonists, hgand antagonists. cvtc-Kines. r* mrnoMne'. 
or ouher hematopoietic factors. When co-administered with one or more cv tokmes : mzr.ckme*. 
or other hematopoietic factors, isolated P-selectm hgand protein mav ?e admmi-iere 
simultaneously with the cytokines). Iv mpnokmei s >. other hematopoietic : acton 
or anti-thromootic factors, or sequential:;, if administered sequential!, the atte 
will decide on tne appropnate sequence of administenng isolated P-eiectm .t^ar.a rorrtjin in 
combmauon with cytokmetsi. iymphokinet s >. ether hematopoietic factors. 'hromooiMi. ,:r anti- 
thrombotic factors. 

Administration of isolated P-^eiectin iigand protein used ;n the rnarm-ceutical 
composition or to practice the method of the present invention can be earned out m a -.ar.etv or 
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terej craiiy. related P-ele-ir. iigard protein wili re in :~.e torn oo _ - - 
powaer. solution or elixir When administered in tablet form, tne pharmaceutic- ccmrosi; 
:he .mention may adamonallv contain a solid earner such as a gelatin or an adiuvan: 
capsule, and powder contain rrom about 5 to 95* isolates P-selectin heano rrotem. anc 
preteraciv from about 2: to 90<" f isoiutea P-selectin l.gano protein. When administered .r. 
term, a liquid earner sucn as water, petroleum, oils of an.ma. or plant ongin such as reanut :: 
mineral oil. soybean oil. or sesame oil. or synthetic oils mav ?s added The huuid form :i 
pnarmaceutical composition may further contain phys,ologicai saline solution, dextrose 
-acchande solution, or glycols such as ethylene glycol, propylene glycol or poiyethy ier.e cKcc, 
Wnen administered in liquid form, the pharmaceuucal composition contains rrom abou, J 5 ;,- 
■><)«* by weight of isolated P-selectin iigand protein and preferably from about I :o 50^ elated 
P-selectin ligand protein. 

When a therapeutically effective amount of isolated P-selectin iigand protein 
aaministered by intravenous, cutaneous or subcutaneous imect.on. isolated P-seiectin hgand 
protein will be in the form of a pyrogen-free. parenterally acceptable aqueous solution The 
preparation of such parenterally acceptable protein solutions, having due regard to pH. isotonics, 
^ability, and the like, is withm the skill ,n the art. A preferred pharmaceutical composition for 
:ntravenous. cutaneous, or subcutaneous injection should contain. :r. addition to isolated P-seiectin 
l.ganc protein an isotonic vehicle such as Sodium Chlonde Iniection. Ringers injection. Dextrose 
injection. Dextrose and Soo.um Chlonde iniection. Lactated Ringer > iniection. or otr.er ..en.cle 
as Known ,n the art. The pnarmaceutical composition of the present invention mav also contain 
stabilizers, preservatives, buffers, antioxidants, or ether additive xnown to those o; sk.il in ,he an 
The amount of isolated P-selectm iigand protein ,r. the pnarmaceutical composition ot the 
present invention will depena upon tne nature and seventy of the ccna.non oemg treated, and on 
the nature of pnor treatments wh.ch the patient nas undergone "Itimatcly. the attenc,n 2 
physician will decide the amount of isolated P-seiectm i.ganu protein with wh.cn to treat each 
individual patient. Initially, the attending phvsic.an w,|| administer low doses of isotated P- 
selectin ligand protein and observe tne pat.ents response. Larger doses of isolated P-seiectin 
iigand protein may be administered until the optimal therapeutic effect :s obtained for the patient, 
and a: that point the jcxjge is not increased further It is -r.temp.ated that tne '.annus 
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rnarma.e-atical com^inon^ T;ed <c practice me mem < r :rc present imsruidr. „• — 

aoout : ug to aoout !Q0 mg or isolated P-e.ec:m ngar.d orotem per ko hoc. A--n: 

The Juration of intravenous cfierapy u>mg me nnoa-maceuticc. composition or me prefer.: 
invention xijj van. spending on the seventy of [he di>eaNe rem: treated and [he condition and 
potential idiosyncratic response of eacn individual patient. It is contemplated mat [ne duration 
of each application of the isolated P-seiec:m Iigand protein will be in the range or ! Z to 24 hour, 
or continuous intravenous administration. L'ltimately the attending pnvsician w;ii decide on tne 
appropnate duration of intravenous therapy using the pharmaceutical composition of the present 
invention 

Isolated P-e:ectin hgand protein of the invention may also be u^ed :o immunize animals 
:o obtain polyclonal and monoclonal antibodies which specifically react with the P-se;ectm hgand 
protein and which mav inhibit P-seiectin-mediated cellular adhesion. Such antibodies may be 
obtained using the entire P-^eiectm hgand protein as an immunogen. or bv using fragments of P- 
selecttn iigand protein such as the soluble mature P-^electin hgand protein Smaller fragments 
of the P-^eiectin hgand protein may also be used to immunize animals, such as the fragments set 
forth below ammo acid 42 to amino acid 56 of SEQ ID NO:2 and amino acid 1 2"* to amino acid 
138 of SEQ ID NO:2. An additional peptide immunogen comprises amino acid 238 to ammo acid 
248 or SEQ ID NO:2, with an alanine residue added to the ammo terminus of [he peptide 
Another peptide immunogen comprises amino acid 43 to amino acid 56 of SEQ ID NO: 2 having 
a sulfated tyrosine in any or all of positions 46. 48 or 5 1 The peptide immunogens additionallv 
may contain a cysteine residue at the carboxvi terminus, and are conjugated to a hapten such a> 
keyhole limpet hemocyanin (KLHi. Additional peptide immunogens may be venerated by 
replacing tyrosine residues with sulfated tyrosine residues Methods for synthesizing such 
peptides are known in the an. for example, as m R.P Memfield. J Amer Chem Soc 85, 2149- 
2154VT963), J.L. Krstenansky, et ai, FEBS Lett. 2M., 10 (1987). 

Monoclonal antibodies binding to P-se!ectm iigand glycoprotein or to complex 
carbohydrate moieties characteristic of the P->eiectm .igand glycoprotein mav oe u^efu: diagnostic 
agents ror tne immunodetection of inflammatory diseases and some rorms or cancer Some 
cancerous cells, such as small ceil lung carcinomas, may express detectable ieveis or" the P^ciectm 
iiganc protein This abnormal expression of the P-se!ec:m iigand protein by cancer cells mav piav 
a role in 'he metastasis of these cells. 

Neutralizing monoclonal antibodies binding :c P-selectin iigand glycoprotein or to 
compter carochvdrates charactenstic of P^eiectin iigand glycoprotein mav ai>o be useful 
:neraceu::c> for ootn mtlammatcr. diseases and aiso :n the treatment of some rorms of cancer 
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::rcO;^ .r; can-ie c: bioa:n; ^.cctm — — ice Jr Terence 

jnc:::n :r :re P-seiec:in i'ganj protein. 3;, bic-ckins: :ne -noinc c: p. 



: ajr.ererce 'eukocvtes ;o Mies cf inapprcpncte ;r.fium:r 



■:ect:n iih'-r.j rr^[e:r 



r " uced In [he JJSe of -ncercus or leukemic ceils, neutralizing mcnecicnai -r.t:coaie> 
agajnsi P-se:ectin ligand protein ma> be useful in detecting and pr-.enun- :ne metastatic ,rread 
of :he cancerous ceils which mav be mediated by the P-.eiectm iigand ---in in addition. me 
monoclonal antibodies bound to these cells mav target the cancerous ceils :cr antircdv -defender.; 
cell medicatec cvtoxicitv «ADCC . thus helping tc eliminate the cancerous ce!N Human 
antibodies which react with the P-seiectm ligand protein mav be produced :n transgenic ammais 
* hlch ' omajn human immunoglobulin encoaing genes in their germ lines. Example " beiow .ets 
fonh product.on of a rabOit polyclonal antibody specific P-<e:ectin i.ganc protein fragments 

P-.eiectin ligand protein of the invention may also oe used to screen for asems which are 
capaoie or binding to P-selectm ligand protein and thus mav act as inhibitors of P-selecun- or E- 
selectm-mediated mtercellular adhesion. Binding assays using a desired binding protein, 
immobilized or not, are well known tn the an and may be used for this purpose using the P- 
selectin ligand protein of the invention. Appropnate screening assays may be cell-based, as in 
Examples 3 and 9 below. Alternatively, punfied protein based screening assays mav be used to 
identify such agents. For example. P-selectm ligand protein mav be immobilized in punned form 
on a earner and binding to punfied P-selectin may be measured in the presence and in the absence 
:: potential inhibiting agents. A .unable binding assay mav alternative:;/ empiov punned P- 
selectm immobilized on a earner, with a soluble form of P-selectm i.gand protein of the invention 
Any P-^lectin ligana protein mav be used :n the screening assav, .escnbed acove For 
example. :ne full-length P-seiecun ligand protein set fonh m SEQ ID NO 2 :rom ammo ac;d 1 :o 
amino acid 402 may be used to screen for inhibitors; or the mature P-selec:in ligand protein ,et 
forth tn SEQ ID NO 2 from amino acid 42 to amino acid 402 mav be u.ea to screen :or inhibitors, 
or me soluble mature P-seiectin iigand protein set fonh :n SEQ ID NO. 2 rrom ammo acid a: :o 
amino acid 310 mav oe used to screen for inhibitors Alternative];, the P--:ectin ii^anu -rotein 
of SEQ ID NO 4 from ammo acid 1 to amino acid 41 2. or a mature form or the P-seiec:m n-and 
protein a* set forth in SEQ ID NO 4 f rom amino acid 42 to ammo acid 412. or a soluble mature 
form of the P-selectm ligand protein set fonh in SEQ ID NO 4 from ammo acid 42 to amino acid 
?Z0 mav he used to screen for inhibitors of intercellular adhesion in accordance with '.he present 
invention 
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a -creemng a^u 1 . a r;r^: rna:n: mixture - -rrr.ej ^\ compimni: P *e:e_'.:n ' r 
n--e:ect;n and p--e:ectin .icano protein. ^nJ me amount m nnj.rij ;n me r"i r r hit^m: mixmre 
3 i ^ measured A second Dinatng mi xture is aiso formed c omoimns P-. E- or L -^-eiectm. P 
>e!ecnn ligano protein, and the compound or agent to be screened, and the amount or rmatns in 
the second binding mixture iBns measured. The amounts or" binding ;n the first and second 
binding mixtures are compared, for example, by performing a B/B calculation. A compound or 
agent :s considered to oe capaole of inhibiting P-. E- or L-seiectin mediated intercellular cohesion 
it a decrease in binding in the secona binding mixture as compared to tr.e first oinain^ mixture 
is observed. The formulation and optimization of binding mixtures is within tne ie\ ei of skali in 
the an. such binding mixtures may also contain buffers and salts necessary to enhance or to 
optimize binding, and additional control assays may be included in the screening assay of tne 
invention. 

Compounds found to reduce dv at least aDout lO^c preferably greater than acout m>~c or ' 
more of the binding activity of P-selectin iigand protein to P-. E- or L-seiectin mav thus be 
identified and then secondarily screened in other selectin binding assay s, including assavs binding 
to L-selectm and in vivo assays. By these means compounds having inhibitory activity for 
seiectin-mediated intercellular adhesion which may be suitable as anti-inflammaiorv agents mav 
be identified. 

EXAMPLE 1 

CLONING OF THE P-SELECTIN LIGAND PROTEIN GENE 

A. Construction of the HL60 cDNA library 

An HL60 cDNA library was constructed for expression cloning the P-selectin Iigand 
Poly A* RNA was isolated from total RNA from the human promyelocyte cell line HL60 i S.J 
Collins, et a/., supra) using a Fast Track mRNA Isolation Kit Invurosen. San Dieso. CA .■ 
Double stranded cDNA was synthesized from me poiyA* RNA fraction anc blunt -end ii sated witn 
EcoRI adap;crs o -aat7"37"a~tl"7A3.-. z-}'. SEQ ID NO 7 " - :7 :7.\~a 37 r z.-.z ZZ- }■ 
SEQIDNO Si The cDN A was agated into tne expression vector pMT2 ! R Kaufman e: M. . 
J. Mot. Ceil. Biol. 2- 946-958 d989i that had been incubated sequentially wuh EcoRI 
endonuciease and coif intestinal alkaline pnosphatase and gel punned. The ligation oroauct was 
electroporated in 2 ul aiiquots into competent E coii DH5a ceils and grown ;n ! mi of SOB 
medium • J Samorcok et al. . Molecular Cloning A Labrratrr. Manual . New York. Coid Spnns 
Harbor Laboratory Press, pi 90 > 19S9i- which has Deen >uppiementea w;tn 10 m\l M^CL. 10 
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-VVgS-. gv.-rci 'or - mur ^ C \ r . -der - .;. . 

^ Dse:s Jn — — ™ -4C.n m. Pacte — suspension ^ r.u:ed >n:o -ar — !- — 
presence of amn^om. and :r.e numrer ?f :oicnies per t,: cu:a:ed A-um:rv' :.-.a: eccr- 

coier.v represents one cDN.A c;ene. -00.000 Jones were -rented -o j : ..doj - ..^e;, ■ 
approximately 1 6.000 clones per pooi Eacn or the 38 poois were groan overmen: - L rr^in n 
the presence or ampicillin and the piasmids were punned over a C>CI crudient 

B Screening for the P-selectin ligand protein gene 

In the first stage.t.ne LEC-v ! binding assay of Exampie 4. a ■ was utilized to ran tne HL-> 
cDNA library ana therenv to ennch for tne plasmid of interest Six ug or each HL-u cDNA 
library pooi was eo-cransfected with Z ug of a 3/4 FT gene 'Example 2) into COS c=m* 
Approximately 4f hours post-transrection. tne COS cells were lined from tne plates b\ mcunaunc 
the ceils in I mM EGTA for if mm. at 3" 0 C. followed bv <craDing wttn ceil lifters The cells 
were washed twice :n Hanks buffered saiire solution containing 1 mM calcium ( HBSS ; The ceils 
were resuspended m 4 m | 0 f HBSS. The resuspended transfected COS cells were screened using 
tne LEC-v I binding assay desenbed in Example 4(A). 

The piasmids from adherent COS ceils were recovered from a Hirts extract [B. Hms. j 
Mol. Biol.. 26, 365-369 (1967)] and then eiectroporated into E_coU DH5a cells for amplification 
The enriched population of piasmids was punfied over a CsCl gradient and re-transfected alone 
with the 3/4 FT gene (Example 2j into COS ceils. The transaction, screening, and piasmid 
amplification process was repeated for a total of three times before a pool that bound to the LEC- 
y! -coated piates was visually detected. The positive piasmia pooi a as suDsequentiy broken joun 
into subsets. This involved electroporating tne Hirrs extract frrm :ne positive pooi ;ntc £ oo;: 
DHfa cells and quantitating colonies per ml as desenbed above Various pool ^izes were 
producea"5y plating out a predetermined number of colonies on agar piates in the presence of 
ampicillin. Duplicate plates were prepared by performing mtroceiluic^ lifts ar.j storing -.r,e fiter, 
on new agar plates. The duplicate piates served as reference plates tor selecting ir.dr. id-jai r 
groups of colonies from ur.v pool identified as being positive 

In the second stage of cloning. COS cells were eo-transree:ed with the subhbran. pools 
and the 3/4FT gene by the same procedure used in the initial steps of screening. Fonv-eisnt hour, 
post-transfection. ihe transfected ceils were screened using the fluorescent CHO.P-selectm ussav 
of Exampie 4.B.. Positive pools were further subdivided, as desenbed above. anti: finuiiv 
individual colonies were screened anc positive cicnes identified L\mg this method, a single 
positive clone. p.MTZl PLS5. was round to encode the P->eiec:m iu-and protein The DN A 
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-inoing .nara— r r ;ne P-eie.un hl'^j ore to: n er... oco ~. rMT2 ' PL >• 
Rumple 4; C 



EXAMPLE 2 



CLONING THE a 1.3/1.4 FL COS VLTRa NSFERASE CFN'F 

The a i.3/;.4 rucosyltransferase gene (3.4FT; was cionea from total human gnomic 
DNA ■. Contecn Laooratones, by mean, or PCR. The sense oligonucleotide primer contamea an 
XbaI sue 4nd the 5" terminus or the 2 ene . 5"- 
..-wv.^ . A^_TrTAGAGC.VrGGATCCGC7GGG7GGAGCGAAG;:-3 , SEQ ID NO 9 .. and the 
annsense oligonucleotide pnmer contained an EcoRI sue ana the 3 terminus of :r.e cene ; ^* - 
7::GGAA77C7CAGG7GAACC.^GCCG~-3'. SEQ ID NO: 10). The PCR product was sequentiaik 
digested with Xbai and EcoRI ana punfied bv standard gel punfication methods This sene was 
men hgated wuh vector pMT3Sv2ADA \ R. Kaufman, Methods in Enzymology. supra) that had 
also been sequentially digested with Xbai and EcoRI and punfied by standard gel punfication 
methods Competent HBI01 ceils (Biorad) were transformed wuh this ligation product and then 
plated on agar plates in the presence of ampicillin. Nitrocellulose filter lifts of ampicillin-resistant 
transformants were probed with a radiolabeled oligonucleotide 

rwj. - -C2AGGGC77CCAGG7-3'. SEQ ID NO: 1 1 i complementary to :he nucleotide reeion 

506-550 in the middle of the gene {J Sambrook e: aL. supra). 

Plasmid DNA mmipreps were prepared from twelve positive clones The punfied DNA 
was then digested with EcoRI and Xbai to identify the correct done with the proper size insert 
This cione tp£A.3/4FT) was then grown up large scale ana the DNA isolated by C.Ci density 
gradient banding (J. Sambrook er at., supra) DNA sequencing confirmed the identuv of the 
3/4FT gene. The functionality of the gene was assessed :n a ceii-cell binding a.sa% as follows 
COS-1 monkev cells '(clone M6. M. Horwitz eu;i.. Moi Appi Genet.. 2 : 4-. ; 49. . : os^ : were 
-ansfectea w.:p. 3. -FT js:ng DEAE dextran roiiowed - D\!SO -c.k :rcatment arc cr.ioroquine 
incubation ;L Sompeyrac and K. Dana. Proc. Natl Acad. Sc; . "5~5-~5TS 1 N3 1 . . M Lcpata 
etxL. Nucle:c Acids Res., 12.5707-5717 1 1984). H. Lutnman ana G Magnuson. Nucleic Acids 
Res.. 1 1 ;295-!30S. : 1983)] The trans tected COS ceils were suspended and quantitated for 
binding :o a CHO line expressing E-seiectin [G Larsen e: ai . J Biol Chem .257 I ! ! 04- M 1 1 0. 
1 1992 ; This lbsay confirmed that the COS ceils transfected witr. : 4FT .an express the sia\ iated 
Lewis' epitope :n the ce!! surface 
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EXAMPLE 3 

EXPRESSION OFTHF P SELECTS I 10 AND PROTFTN 

A Expression of the P-selectin Liq a nd in LFC1 1 relk 

Functional P-electm iigand was expressed in :ne SLc'-positi\ e Chines -an 
CHO< cdl line LEC ! ! .Campoeil. C and Staniev P Cell 35 303-30- :-^3 
approximately S ^ :r piasmid containing the P->s!ect:n iiianc 2ene - pMTZ: PLS C r 
was transited mio LEC! ; cells At r>3 hours post-'ransfect;on, the ceils were treated w-;r 3 < 
mM .od;um outvrate for 4 ncurs The cells were observed :o induce P-seieciir, aches:cn js 
Jeiemin ^ usin ? :he o-CFD labeled CHO P-seiecnn ceil binding assav described :n Example 
■i. section Bi in contrast, neither LEC i 1 cells aione ncrLEC! ! cells transacted w-h j -ntrol 
plasmid induced P-seiecun adhesion 

B. Expression of Soluble P-Selectin Li2and in COS ce\U 

COS cells were transacted with 8 ug pED.sPSL.T" i see Example 5Ci and 4 a e -EA. -4 
FT piasmid of Example 2. S ug pED.sPSLT^ alone, or S ug plasmid vector . P MTZ I ■ ana 4 U 2 
pEA.3/4 FT gene. Forty-rive hr post-transfecuon. tne cells were nnsed twice :n PBS and 
incubated overnight at 3?°C in serum-free DMEM m.nus phenol red JRH Biosciences) 
supplemented with Z mM L-glutamme. 100 U-ml peniciiim and 100 ug/ml streiMomvcm 
Phenvimetnvlsuifonvl fluoride, aprotinm and Na.V were added to final concentrations r imM. 
Z Lig/mi and 0 OZ^c. respectively, ana the conditioned medium was cenenrused :c rem, v. - ali 
deons. 

For immunoprectpitation experiments, trie laceied .oiubie P->elect:n ;isund rr;-ie:n was 
produced by co- transfectmg COS ceils w ,rh pED sPSL.T" and pEA -4 FT At fen', -fr.e r.r oosi- 
:ransfection. the COS cells were labeled w,th 150 uC:,ml ~S metmonme • NEN , tor 5 n.xrs and 
the medium was collected. Expression or sPSL T" protein was conrirmed ^ 
immunoprecipitation with anti-T^ antiDodies. 

C * Expression of PACE-c leaved P-selectin ligand m COS Cells 

COS ceils were co-transfec:ed with tne pED.sPSL.T~ plasmid of Example 5-C . the 
pEA.3.'4FT cDN'A of Example Z. and a roiasmid containing the PACE cDN'A as >et renh in 5EQ 
ID NO f A parallel control co-transfection was done using onN tne pED sPSL T~ oiasrmd and 
tne pEA 3.4FT piasmid Arte: 4< hour;, -noitioned medium rrrn the^;e transected C^S ceils 
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■'-a.s _.;j[ec; .n:,. :u;[,: J. - nc> and ^no.nc ; <_'H' ' p -e:e*;::r. ce:i> h^nr,-' - a ^ — . 

An acpr^imaic.; rw.--r.\d mcrej^e m -nunJ CMC ?-^:ectin .-is a a-, cr-.er-.ej :.v ai>rv- 
.oated Aim medum containing the P-eiectin Mganc co-e\pres.sed win PACE. ^ compared Ai'.h 
medium containing P->elecrin Iigand wnt.n nad not ?eer. co-expressed -.win PACE Amino ac:J 
sequencing or the N-ierminus of penned sPSL.T" protein rrom the PACE co-trans:ect:cm .nowed 
that ail of the iigand had been cleaved at the PACE consensus site (ammo acids 3S-d i or SEQ ID 
NO 1 Radiolaceiimg of co-transfected COS cells with ^S-methionine anc sucseuuent SDS- 
poiyacrv tamide ge; electrophoresis and autoradiograpny showed that comparaole quantities or the 
P-*>eieci:n iigand had been secreted :n both co-transfections. 

D. Expression of the P-selectin Ligand Protein in CHO Cells 

A full-length form (amino acids 1 --i02) of the P-seiectin iigand prcte:n was expressed :n 
the CHO(Dl'KLX) cell line iL'riaub i Cha^in. Prcc. Natl. Acad. Sco USA ZZ -2!o-u::o ■ I^SOm 
as follows approximately 25 u.g of the p\IT2 I .PLS5 plasmid ana approximates S us of the 
pED._V-iFT (produced by restnction of pEAJMFT with EcoRI and Xbai and insertion of the 
resulting fragment into the pED plasmid) were co-transfected into CHO(DUKX) cells using the 
calcium phosphate method. Transfectants were selected for resistance to methotrexate After two 
weeks, individual colonies were screened for SLe 1 expression by using a conjugate of an ami SLe' 
antibody ;CSLEX-1. U.S. 4^52.569) and sheep red blood cells (sRBCi prepared by the chromic 
chlonde metnod iGodmg. J W . J Immunol. Methods J_0:6 I -66 t !9"6i as follows sRBC were 
washed with 0. 15M NaCl until the wash became clear and then a 50 c r suspension of sRBC was 
preparec in 0. 15M Nad. One ml of 0.01 ^ chromic chlonde solution was acded dropwise while 
vortexing to 0.2 mi of a sRBC suspension containing 50 ug or CSLEX- 1 After incubatme at 
3~ 3 C for 30 minutes. 10 ml of phosphate buffered sahne iPBS'i solution was added to the 
reaction. The conjugate was washed once before resuspending into 10 mi of PBS The plates 
containing transfectants were washed with PBS and men 3 ml of PBS ana ;ne m. or the 
sRBC. CSLEX- 1 conjugate was added to each plate Positive cOiomes vere -cd a 
transiiiuminator and were piCKea into aipna medium w itn 10 " fetai :v, me *erun Atter tw.- 
weeks, cotonies were suojected to stepwise amplification using methotrexate at concentrations or 
2. 10. 25. 100. 250 nM. The staDle cell line obtaanea was designated CD-PSGL-; R5 d ( 
Expression of the P-seiectin Iigand protein was confirmed by immunoprecipitation studies usins 
the pol\c:onal anti-P-selectin iigana protein antibody of Example "A; The runctionaiic ^ the 
?-se!ectin iigand protein produced b> the CD-PSGL-1 R3 .ell line was tested -v. as>a\ms the 
trans rectants fcr binatns to LEC- v i a< in Example a* a ■ 
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cxrre^mg \-.e cDN'A -.come PACE ^ ^: rorrn ;n SEQ ID SC c — er a — c-~e ^n,.; 
ve '^ : ' ;n Kaufman r; . PNAS I S A £2 ; ! 5 o - 3 1 40 ! ^ Toe o<P5L 7" 2-^ 
:t - J ' " ^ p:asmics were cc!rans;ec:ec; mto CHO-PACE j i: n £ - 

pncspnate method Transfectams were .elected for resistance :o metnotre.xate. arc momcuai 
:oionies which bound ;o the sRBG'CSLEX- : conjugate were picked A::ertwo -Ae-KS in culture, 
'he coionie^ were suDiected to stepwise amplification as described aDcve 7he ^;aoie eel: ;me 
■ruined was designated CP/PSL-T" i R4 I .. Expression of sPSL 7" protein was confirmed m 
■ tandarc : mmunoprec:pi:ation methods using either a 7" specific mcnocionai artibcd-. or me 
LEC-v ! chimera of Example 4, A ). In a similar fashion, a staoie ceil line expressme the mature 
:uli length form .amino acids 42-402) of the P-selectm iigana protein was ootamec b% co- 
transaction of p\lT2 : .PL35 and pED 5/4FT into the CHO-PACE line 

SLaroie ceil :mes expressing the sPSL 0 protein of Example 5(B) ana me sPSL.Fc ?rotem 
of Example 5<D» were constructed as follows plasmids pED.sPSL Q i25 usj or oED .PSL.r. 
■ 25 ug) were cocransfected with approximately 25 ug of the pED.j/4FT plasmid described above 
ana approximately 20 ug of a plasmid containing the PACE cDNA as set forth tn SEQ ID SO ; . 
as well as the neomycin resistance gene into CHO(DUKX) cells using the caicium rnosphate 
method. Transfectants were selected for resistance to methotrexate and the G4 1S antibiotic. 
Approximately two weeks later, individual colonies were screened for S Le 1 expression using 
sRBC.'CSLEX-I conjugate binding. 7he positive coiontes were picked m G4]S meciium at : 
mg/ml concentration After 2-3 weeks in culture, ceils were amplified w-th methotrexate :n a 
stepwise Election. The stable cell lines obtamea were designated CD-PSL Q 2 anil CD- 
>PSL Fc RS.i \ respectively The expression of sPSL.Q xnd sPSL. Fc protem wj> ccnnrmej r-, 
standard :mmunoprecipitation metnod using the anti P-seiectm ligand protein soix-cion^i antibod-. 
of Example 1( A). 



EXAMPLE 4 

ASSAYS OF PSELFCTIVMFDIATED INTERCELLULAR \DHFSIO\ 

A. LEC-v 1 Binding Assay 

A DNA encoamg a chimeric form of P-eiectm conjugated to the Fc ponion of a human 
IgGv [ ■ LEC-v i i was constructed using Known methods * Aruffo a a: Ce!! ^ • ! Q0 ! and 
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LHC-v; protein, ah:- ... r ^:;eJ W c,e :r: -e rrir.dng e: :. T :n helow 

Pe:n jisr^ ..ere coated ::rM „i ro.vcicna: anti-oman :;Gvi Fc ant; hod-, -j -en 
with LEC-v : This method jr.en:, ;r.e LEC-v 1 construe: ^cn :r.a: :r.e ?-e:ec:;r. rv~: - ■ r -re 
cmmene molecu.e is presented cn the surface or :ne plates Adhesion or HL-u .eo, ;o tne 
onented LEC-y ! was quantitated in the presence and absence of calcium HL60 adhes;en .va, 
shown to be calcium dependent, confirming that the chimeric molecule had retained rcr.ctionai 
binding of P-.eiectm to its ligand on HL60 cells The binding or" HLoO ceils to cnented LEC-v ; 
was also shown to blocked b\ a neutralizing monoclonai antibodv to P-eiectin. demonstrating 
the specifics or Pselecnn binding 

B- Fluorescent CHQ-P-sclectin Binding Assay 

The assay employed a fluorescent laoeied CHO P->eiectin ceii line <Larsen ji.. J 
Biol. Chem. 26JI- < 1 10-i- III 1 0 < 1 992 j ) :nat can bind to and form clusters on the surface or COS 
cells that are co-transfected with the P-se:ect:n iigand gene and the 3/4 FT sene The CHO P- 
seiecun ceils were suspended at ! 5 x 10 c celis,mi in \* c fetaJ bovine serum in DME medium and 
labeled by adding o-earboxy fluoresce in diacetate (6-CFDi to a final concentration of 100 ue/ml 
After incuDation at 3" G C for 15 minutes, the cells were washed m medium and resuspenaed at 1 
x 10 5 cells/ml. Five mi of the labeled cells were added to each washed COS rransfeotam- 
eontaimng plate to be assayed and incuoated at room temperature for 1 0 minutes. Nonadherent 
cells were removed bv four washes witn medium The plates were then scanned K fluorescence 
microscopy for rosettes of adherent CHO-P-^eiectin celU 

C Quantitative adhesion assav using radioactivelv 
labeled CHOtP-selectin cells 

COS ceiis were co-transfected with tne pMTZ! PL:: pernio or Example ! -a :he 
pEA.3/4FT piasmid jf Example Z bv the same procedure used in tne initial suae* or .creemns 
As controls. COS cells were transacted u-rh rMTZ! PL -5 a. one. :r A::n oEA V4FT ;.\ne r 
with a similar piasmid containing no insert mock ' 2- nours rcst-fransfection. the transected 
cells were trypsimzed and distributed into Costar r>-*el! ::ssue culture oiates CHO P->eiectm 
ceils were laoeied for 16 hours with 'H-Lh>midine using known methods and preincuoated at 0 5 
x 10 6 ceils, ml for 30 minutes at -i ; C in cx medium containing 1 ^ BSA i control), a medium 
containing ! r c BSA. : m\I EDTA and f m.M EGTA. a medium containing 1 ^ BSA and 10 
ugvmi or a neutralizing ami P->electm monoclonal ar.ubcd;. .no a medium containing ! ~ 3SA 
and a non-neutra.izing anti-?->e!ec:in mor.ecvnai antirod-. T he premcarated ce!U ^ere tnen 
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r> :-.:jat:on „r,j cuar.;;::eJ pv scintillation ^ountins 

lOS wC-:rar; 5 ;ec:ea- w:[r. P^eiectm iipna and :r.e . : -FT* ~o_ej -- ^ -ji-; - c,. 
roid more omamg of CHO P-,eiec:in ceils relative to COS tick -:!•-. assay :n the presence or 
EGTA and EDTA reauced binding to the level of [he mcc,< transreced COS ceils Likewise 
mcupation wan neutralizing anti-P-selectm antibody aisc eliminated : pec;:":j binding, wnereas 
pon-neutraiizmg antibody had no effect. In contrast. :ne omaine c: CHO P-se:ec:m to COS ce'is 
transrectec 'Attn P-seieam iiganc alone -a as not statistically different :nan omainc to the mocK- 
transrected COS ;n Dcth :ne presence or absence of EDTA ana EGTA. or anti-P-selectm 
antibodies. The binding of CHO P-selectin ceils to COS ceils transacted with >a FT* aione a a. 
approximately 2-foid greater than to the mock-transfected CCS, but was unaffected u v [he 
presence or jDsence of EDTA and EGTA. 

EXAMPLE 5 

CONSTRICTION OF SOLUBLE P-SELECTIN LIGANDS 

The EcoRI adaptors used to generate the cDNA library- trom HL60 ceils ;n Example I 
contain an Xbai restriction site tTCTAGA ) just 5' of the beginning :f SEQ ID NO i as it is 
located in tne pMT2I PLS5 plasmid. In order to generate soluble forms of the PSL the 
pMTZI PLSf plasmid was restricted with XbaJ and with Hindi which cleaves after nucleotide 
^■u or SEQ ID NO: I , The approximately 950 bp fragment thus generated. ;cntajmns ail or tne 
encoded extracellular segment or :he iigand ud to ana including :ne -Jon tor valine 295. was 
>eia:ea ana usee to generate DNAs encoding <oiunie forms ;r :ne P-*e:e;tin ncano protein as 
forth ir. sections A though D oelow 

A. Construction of dsPSL.Q C 

The rragment was punned and ligated into mammalian expression .ector oEO ^e'ween 
r he Xbai and EcoRI sites, along with douole branded 5 ynthet:c i : C cnuj.eotide DN A that 
recreated the coaens from Asn 2% to Cys ? 10 and introduced a novel ,to P :c^on immediately 
following Cys 310 The sequence of the ohgos is as follows 

c - AA 37 A 3 3 2 A. 3 7 3GG AG 2 AC 3 A 3 A 3 3 A 2 A7 7 7 2 7 3 T G AA G 3 A 3 7 3 3 7 AG SEQ ID NO \ Z 
" - ----- -777AG2A2733777A2A3A3A73733737GG7G37333A:7G337AG77 ■ SEQ !D 

no : ? . 
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^mid a :> oe* :_:r.a:ed : 



. x pre -l'J :r ■ 



• a^ Je^:cna:ej ->PSL : <C 



B. Construction of psPSL.O 

The tragment was punned and iigatec into :ne rED pia^u Kaurrr.ar. < j." . . 
between me XbaJ and EcoRI sites, aiong with the double strnnoed v.nchetic oligonucleotide DNA 
that recreated the codons from Asn 296 to Gin 309 ana introduced a neve: Mop codon 
immediateiv following Gin 309 The sequence of the oiieos is as follows 

CTGTG7GAAGGAGTAG SEQ ID NO 14: 
7GG7GG7G rCAG7GGG7AG77 SEQ ID NO I 5 
The resulting plasmid ^ designated pED .PSL.Q. and the protein expresses f:cr. the ciasmid 
was designated sPSL.Q 

C Construction of psPSL.T? 

Oligonucleotides encoding U amino acids including an epitope derived from the pnage 
T? major capsid protein were synthesized, creating a C-termmal fusion of the epitope ":a2 ' with 
an additional 32 ammo acids derived from the vector sequence. Two oligonucleotides having the 
sequences 

5 - C T A G A C G G GGG ATG G C A7 G C A 7 G A G A G G A G G A C AA C AAA 7GG7AGGGGG7A3 SEQ ID NO 
16) and 



rCGGGT SEQ ID 
NO: 1 7) 

were duplexed and iigated with the iarge XbaJ-EcoRI fragment or mamm a;:ar. exprev,ion piasmic 
pED The resulting piasmid. pED T" was restricted with Xbai and .^mai and heated to :ne 950 
bp Xbal-HmcII fragment desenbed above, resulting :n ptusmid pED sPSL.T" 
The protein resulting from expression of pED.sPSL.T~ was designated ^PSL T" 
D - Constructi on of Soluble P-selectin Ligand-IgGFc Chimera 

The piasmtd DNA encoding a -.iun.e. extraceiiuiar term or the P-,e:ec:;n ocand protein 
fused to the Fc portion of human immunoglobulin IgG! was constructed as ^ ; ilow^ :ne 
mammalian expression vector pED Fc contains sequences encoding the Fc region of a human 
IgG 1 with a novel linker sequence enabling the fusion of coding sequences amino :ermmal to the 
hinge region via a unique XbaJ restriction site. A three fragment ligation was perTorrr.ed pED.Fc 
was restricted with XbaJ and eel purified in :mear form The 950 Hp rraement r'rem trMTZi PLS: 
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c - :t3:^3::3:a:t SEC ID NO !>■ 
: - :ta^a:"::33::::a3 seq :d no 

The ligation produc:s were grown as piasmid DN'As ana individual clones n 
:onf:gurauon were identified bv DN'A sequencing. The piasmid was cesisnai 
The DN'A ceding region ?t me reciting soluble P-selectin igano Fc fusion br< 
SEQ ID NO 0 



tin 



EXAMPLE 6 

CHARACTERIZATION OF EXPRESSED P-SELECTIN LIGANDS 

^ Binding Characterization of Full-Length P-selectin 

Ligand Protein Expressed on COS Cells 

Co-transrection or" COS cells with the pE A. 3/4 FT piasmid of Example Z and th 
?MTZ1.PLS5 piasmid of Example ! vieids COS cells which specifically bine to CHO P 
cells This binding is observed oniy upon co-transfection of pEA.3/4FT and p.MTZl.PLS:. use 
of either piasmid alone generates COS cells which do not bind :o CHO P-selectin cells No 
binding is observed between the parental CHO< Dl'KX ) ceil line which does net express P->e:ec:in 
and COS ceils co-transfected with pEA.3/4FT and pMTZI PL35 The binding between the co- 
transfected COS cells and CHO'P-seleam cells is sensitive to chelators or divalent ions such as 
EDTA and EGTA. consistent with the Cc~ dependency of ?->eiectin mediated cellular udn 
\ neutralizing ann-P-selectm monoclonal antibocv blocked :he binding between the CHO F 
^lectin cells and the COS ceils wnich bad been co-iransrected w,:h pEA.3--4FT and 
pMTZl PL35. while a non-neutralizing anu-P-seiecun monoclonal annbodv had no effect m tne 
binding. The antibody results indicate that tne functional demajn; of P-^iectm are required for 
binding to P-veiectm ligand protein expressed on the sunace or COS ceiU 

B - Electropho retic Characterization of Full-Length 
P-selectin Ligand Expressed in COS Cells 

Detergent extracts or co-transfected COS cells were prepared a, follows 45 hour, post 
.o-transfection. approximately 1.5 x 10* ceils were suspended m 5 ml of lysis buffer ■ 'OmM 
Pipera2ine-N..V-bi5i;2-eihanesulfonic acid] 1 PIPES) pH - 5. 100 mM KCi. 3 mM MaCL 1 m.M 
benzamidine. 0 5 ug/mi 'eureptm. 0 " ug.ml pepstatin. ; m.M etrv. imaieirnide. and 1 ug/ml 
-proumn, analysed by sonication Ceiiuiar aeons was removed cv iow speed centr.ri-aticn 500 
v g 10 minutes., and a membrane traction .o.iected by uitraccntnruejtion ■ '0.000 \ 
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m NaC:. . ;: v,.\ 



lSl2ma '- : mM ^nzam:din tf . 0 5 uL-ml ieupeptir, 0 "5 ul* mi pepstatm i m\l -rr> ima^mide. 



.norssib 



and I -,• mi arr-tinin , Samples were then .uo.ected :c SDS poiyacn lamide 2 ei eiectrccr 
and transfer to nitrocellulose blots as follows an aliquot or the detergent extract was .uspenoed 
in 1^ SDS ioaa.ng buffer and heated for 5 minutes at 100X before loaa.ng onto an 3 -!b~ 
polyacrylam.de gel .reduced! or a 6"c gel , non-reduced , and electropnoresed ,n me L.emmi, 
buffer system. 3!ots were prepared using immobiion-FI! transfer memcranes. The kiot« were 
.mmersed in 10 m.M MOPS pH "5. 0. 1 M NaC!. 0 02** N'aN,, ! m.M MgC!.. ! m.M CaC!.. and 
l0 " c n0rWat m,lk avemijht at 4 'C Blots were nnsed once ,n the above buffer, m.nus the miik. 
and incubated ,n blotting buffer ( 10 m.MMOPS pH - 5. 0.1M NaC:. I ^ bovine serum albumin. 
0 05Q Thesu. ! m.M MgC!.. 1 m.M CaC.. for 30 minutes at room temperature. 

The biots were then prooed for the P-^lectin iigand as follows :0 ns of a P-eiectirvyc 
ch,mer3 W3S Pre-tncubated with 3 uCi of '-'I-Protem A in blotting buffer for 30 minutes at room 
temperature. Additional exc.pients (e.g.. EDTA. EGTA. monoclonal antibodies, could be added 
to the preincubation mature at this point to evaluate their effects on bind.ng of the chimera to 
the P-selecun Iigand. The pre-mcubated mixture was then incubated with the blots (prepared as 
above) for 60 minutes at room temperature, and the blots were subsequently washed four times 
with the same blotting buffer .without bov.ne serum albumin,, air dned. and autoradioeraphed 
at -70°C. 

Under non-reducing conditions, two bands were observed wuh this technique tor 
membrane extracts prepared from co-iransfected COS cells The major band migrated w , in an 
estimated molecular weight of approximately :;0 kD. whereas the minor band migrated with a 
molecular weight of approximately I 10 kD Under reducing concmons. only a smeie band was 
obserTeTJ^Tfh a molecular weight of approximately ! 10 kD. indicating that under non -reducing 
conditions, the P-selecun iigand exists as a nomcdimer The approximate molecular wei^.t or 
the reduced monomer is greater than that predicted from tne deduced amino acid sequence ot the 

cDNA clone :Jf kD). indicating that '^e -«"r»c^,H nmum .... , 

_ uui _ ., — _ — -luuj'.Li -xiei.-uve poM-iransiancnai 

modifications Example 6(C)). Tne specificit> or the P -^lectirvFc :nimera was confirmed m 

:he observation that a nonspecific IgG ; probe yielded no bands on the blots Additional, the 

binding of the P-seiectin/Fc chimera to the blots was abolished by EDTA. EGTA. and a 

neutmiizing anu-P-seiectm monoclonal antibody Specific bands on tne blots were observed onK 

from membrane extracts of COS cells co-transrected with the P EA.3/aFT and pMTZ! PU5 
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C. GKcosvlat ion of P-selectin Lieand Protein 

The presence or' cos aientlv attacned carbon> crate on recombinant ?-^e:ec::n ooano ana 
its roie in binding to P-eiectm was determined as follows COS ce;i> a ere co-transrecteo wun 
pED ,PSL I" of Example 5iC, and the pEA.3/4FT plasmid of Example : After 4< hour>. ;b.e 
:e!is were puised with "S-methionine. 200 ul of 1? S meihionme-labeied sPSL T" conditioned 
meaium was :ncubaied with 5 ug LEC-y I m the presence of 2 m\l CjG : and i me mi -ovne 
>erum albumin . BSA ■ After rotating for 2 hours at 4 3 C. Protein A-Sepharose beads : Pharmacia ■ 
'.vere added for : hour at 4 C. peiieted b\ centnfugation and washed twice in Tns buffered ^all^e 
20 rr.M Tns-HCl. : 50 mM Nad pH 7.5. hereinafter TBS , containing : mM CaCK and 1 mg/ml 
BSA The pellets were then resuspended and treated with neuraminidase .Streptococcus 
pneumonia*). O-giycanase. and N-glycanase (all from Genzvme- as follows. All ghccsiuase 
digestions were done at 3?°C overnight. For neuraminidase digestion, the pellet was resuspended 
in :0 ul :-'N-morphoiino)-e:nanesuifonic acid (MES) buffer. pH 6 5 ^CaJbiochemi and 0 ! T 
SDS. heated at 95 3 C for 5 minutes, then pelleted. The supernatant was modified to contain I 4^ 
n-Ocryl B-D-glucopyranoside iOGP). [OmM caJcium acetate. 20 m\l sodium cacodvlate and 2.5 
m\l PMSF. final pH 7.0 Eight ul neuraminidase was added for a final concentration of 1 umt/ml 
For neurammidase/O-glycanase digestion, the sample was prepared as above and along w,th the 
neuraminidase, the O-giycanase was also added to a final ccncenrration of 0 ! ana mi For N 
glvcanase digestion, the pellet was resuspended in 54 ul MES buffer and 1 ^ SDS. heated at 05 c 
tor : minutes, then peiieted. The supernatant was modified to contain 0 2 M .odium pnoscfutc 
3 : ~ OGP. and 2.5 mM PMSF. final pH 8.5 N-glvcanase was added :or a rlnai concentration 
of ! 2 'anus/mi and incubated as above 

The effect of giycosiaase treatment on sPSL T^ was as^ssea :n two wav s. For thiv eacn 
digested protein sampie was divided into two equal fractions One traction wa* precipitated with 
the ?-selectm polyclonal antibody of Example "''A ;. to .now ;r.e effect or digestion on :ne 
electrophcrenc mobility The other fraction was precipitated w<;n the LEC-vl chimera or 
Exampie - At. to assess the remaining P-.electm hgand binding activity after digestion. The 
imrr.up.oprecipuauoned samples were analyzed by SDS-polyacrylamide gei electrophoresis under 
reducing conditions and autoradioerapny 

In the absence or giycosidase treatment, autoradiograpro. re-.ealed comparable bands 
mo.ecular weignts of ! !0 nDi for eacn precipitation W hen :ne P-vciec:in neand rrotem 
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^u:r!^re:,c:,n- .^;;: : , .cnsistent rcmov.i: ' r >;a.i. u .:d residues Toe amount :r P 
^iectm .igcr.j protein precipitated r. LEC-v i ,u, ,igmficarti> recced arter n-rammida^ 
treatment, insistent -*Kh the roie of >ia;;c acu residues in :he P-eiectm.P-seiectm ^anJ 
interaction When the P-selectin iiganc protein was created with both neuraminidase and O- 
gKcanase. a substantial increase in electrophoretic mobility was observed after preciottanon w It h 
rhe anti -P- seiecnn iigand polyclonal antibodv. indicating that a numoer or O-imked 
oligosaccharide chains had been removed However, removal of O-linked ohgosaccnandes frcm 
the P->e:ectm Iigand protein may not nave seen complete, since the electrcpnoreti: mobility doc 
not correspond to a protein with a molecular weight or 3S kD. as would be predicted from tne 
Jmino acid sequence set forth in SEQ ID NO:l. The neurammidase/O-glycanase digested P- 
.eiectm Iigand protein bound to LEC-yi very poorly, further indicating the role or 
^iigosacchandes m tne P-.electtn/P-.elecrin Iigand interaction Treatment of tne punned P- 
.eiectin hgand w,th N-glycanase resulted in a slight increase in eiectropnoret;c mobditv, 
demonstrating that some of the consensus sues for N-lmked glycosylation are occupied. The 
amount of P-seiectm iigand protein precipitated by LEC-y I was slightlv reduced, indicating that 
N-iinked glycosylation also contributes to the P-.eiecnrvP-seiectin Iigand interaction, thoueh not 
as dramatically as sialylation and O-linKed glycosylation. 

EXAMPLE 7 

POLYCLONAL ANTIBODIES SPECIFIC FOR P-SELECTIN LIGANDS 

A * Polyclonal Rabbit anti-P- selectin Ligand ProteinAlaltnse Binding Proto n 
Fusion Protein 

The anti-P-selectin iigand poivclonal antibody was generated b\ immunizing rabbits with 
a fusion protein generated in E. coir T^e fusion protein consisted of the ammo terminal one-tmrd 
of the P-selectm Iigand (ammo acids 1 to I 10 or" SEQ ID NO I : fused :n :rame to tne maitose 
oindine protein iMaina. C V e t at.. Gene Z±- 365-"? !9SSi. Rises. P m Car— f P^- - - - n 
Molecular Biology, F M Ausebe! e: m . Eds . Greene VsociatesAVile-. inrerscience ■ New- Y^ rk 
!^90'cnapter 16 6) Under conditions empioved herein, tne r'u>ion orctem antibcdv rec^-iizes 
ihe P-selectm iigand protein. 

B Polyclonal Rabbit Anti-sPSL.T~ Protein 

* soluble form or the invention i.PSL.T^. <ee example 5iC- -vjs ouruled to apparent 
homogeneity according to the following scheme COS cells were transr-ted vtr, to — ^rnios. 
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'orm or PACE a, rorn , n SEQ ID NO 5 Arte: ~: nourv :r - ;on-;oneo rr.ej:um 
.one. tec and re; omcmant .PSL T" *as punned as roilou* 

Conditioned medium w as dilutee two r'ciJ w:m 50 mM MOPS :;0 mM NaC - rM 
CaC : and 0.5 mM MnC! ? pH "2. and applied to a column of lent:! lectm-Sepharose -B 
equilibrated in the same buffer After loading, the column was washed with the same buffer jn.tn 
the optical absorbance at 230 nm dropped to a stable baseline. The column was men eiuteo 
the same buffer which had oeen adjusted to 0 5 M a-metny i-mannoside and 0 5 \\ NaC; 
Recombinant sPSL T" was collected over 5-15 coiumn volumes of this e.uticn buffer The ;er:- 
lectin ejuate was then subjected to a ammonium sulfate precipitation bv addms -~2z :\ 

ammonium sulfate per liter of column etuate at 4°C. After stirrmg for 30 minutes, the precipitate 
was resuspended in a minimal voiume of TBS i 20 mM Tns-HCI. ] 50 mM NaCl. oH " < and 
applied to a TSK C4000SW.. L gei filtration column equilibrated m TBS The How rate on tne 
column was 0 5 ml/mm and a guard coiumn was employed [ n aliqucts of < 2:0 ui. me 
resuspended ammonium sulfate peilet was injected on the coiumn and fractions analyzed bv SDS- 
PAGE with Western analysis Fractions containing sPLST" were pooled and then used for 
immunizing rabbits. 

Antibodies to sPSL.T" were generated in the standard fashion ov antigen pnminz and 
subsequent boosting over a 3 month penod. Specifically, primary immunization was performed 
bv mixing 50 ug of sPSL.T" (denatured bv mixing in 0 ! Q SDS and heating for ! 0 minutes at 
I00°O with complete Freund's adjuvant and injected at five sues subcutaneous!) The second 
:and all subsequent! boosts were performed bv mixing 25 Lig of sPSL.T" denatured ov mixing 
m0 IO SDS and heating for 10 minutes at !00°C, M2.5 ror tne third and subsequent m: 
■Aim incomplete Freund's adjuvant and injecting at ;w 0 ^tes >uccutuneous 
intranTS3uTarly> even/ two weeks. Test bleeds were performed even two weeks to monitor 
antibody titer When tne antibod% titer reached a .uitaole ie-.e!. a larger scale oieed w a, 
performed and a total serum fraction prepared. This polyclonal antibod% preparation was u^- 
:o inhibit the specific binding or HLbO cell, to CHO P-selectm .ell, , n a manner Similar to mat 
described in Example 4. 

This assay employed fluoresccntly-laoeled HL60 ceiU , labelled wun BCECFAM. 2T - 
Dts^2-carboxymethy[}-5-<and-6i.carboxytluorescein. acetoxvmethvi esten bindine to CHO cells 
plated on the bottom of microliter plates. The labelled HL60 cells were pre-mcuDated w,tn eimer 
>era containing polyclonal antibody or with ore-tmmune sera for 50 minutes at 4 C The ceits 
were tnen wasned and mcuoared wun tne CHO P-.electm ce::s for ;0 minutes The cia:^ 
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tnen warned jhj :ne florescence read .Mih a rluorescence microliter r.-te reader ' 
ass.uv. j I i 5 dilution or rne anti-PSL T~ poo.ccrui >erun redded :n e^eruiai. ■. c/mnete 
inhibition or HLoG ceil bmaing to CHO P-eieam. Demonstrate inhibition o: HLr-'- ^nc;n: t - 
CHO P->e!ec;m was mii! observed at antiserum dilutions or 1 ; 50 Pre-immune ^eram nu_d no 
effect on HL60 ceil binding to CHO:P-selectin. 

EXAMPLE 8 
COTRANSEORMATION WITH CORE: 
A. Isolation of the cDNA encoding Core2 GlcNAc Transferase 

The cDNA encoding core2 GlcNAc transferase was isolated m standard moiecuiar 
bioiog> techniques Tao oiigos were designed at the 5 and 3 end .including transnational 
initiation ana termination codon. respectively) based on the published human core! *euuence 
.Bierhuizen, M r A., Fukuda. M.. Proc Natl. Acad. Sci 89, 9326-9330 i i 992 5 r The poo.s or an 
HL60 cDNA library ;Sako. D.. Cell 15. 1 P9-I 186 - 1993)) were used as :emp:ate to amrufv tne 
core2 coaing sequence by a standard PCR protocol. The PCR amplified fragment was punned 
and subcloned into pED vector. To isolate cDNA. the pools which gave a positive signal in the 
PCR reaction were transformed into E. coii and plated. Transformants were transferred onto 
nitrocellulose filters and hybndized with a 3: P radiolabeled PCR fragment according to .tandard 
protocols. Positive clones were picked and punfied by replating. The sequence of the cDNA and 
PCR clone was confirmed by dideoxy sequencing. 

B - Generation of Stable PSGL-1 Chinese Hamster Ovarv Cell Lines Expressing Core2 
Enzyme 

A ceil line made in accordance with t_he methods of Example 3 expressing rull-iL-n^tn ?- 
seiectin iigand protein and 3/4 fucosy itransferase was co-transfected w:tn core! cDNA and a 
neomycin resistance gene ipMT4Neo> by standard calcium phosphate metnods After acout tw 
weeks, stable G4I8-resistant transfectants were picked either as .ingle isolates or :n a oooi These 
transfectams were grown in 1 mg/mj G-113 complete DM EM media and anaivzed :or core: 
enzyme activity iHiggins. E.A.. e: jl. J. Biol Chem 2^6. 6IS0-6290 19^1 Posm\e clones 
:r pools round positive r",:r:ore2 activity were anaivzed for P-eiectm .idana nmam^ v P-,e:ecdn 
b> various methods In a similar fashion, cell lines expressing either P-*»e:ec:in luand orotein or 
soluble P-seiec::n hgand protein with both the 3/4 fucosy (transferase and PACE enzvmes isee 
Example 3) were used to isolate stable coiransfectants of core2 as described above 
C Effects of Core2 on P-selectin Binding Activity 

The errects or core2 on P-selectin binding activity was evaluated dv trree different 
methods: 
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weil putes werschatej Ai:r. i ug ml ant; human Fc art-ccr. m 50 mM 7r> oH * 5 
at -i' C :or rr.e to <u hour- After -a ashing :w^e with HBSS ourrer ?-e:ec::aI*G ch;rre~a ■ > : ; 
: jg'mi cone. Example 5 a as piatea in HBSS buffer overnight at ^ C The putes were -locked 
with BSA .3 mg/ml) at ^ J C for three to four hours. In the case of soluble P-seiejnn 1 1 sand 
protein. :r.e protein was coated directly onto plates in the same buffer The H lacehed CHO ce;i> 
were urted with 2 mM EGTA. washed three times w,th PBS. and resuspended :o a final Jensit^ 
ot 10 c :e:is,mi A 300 ul anquot of this suspension was added to each well :' 300.000 ceil, well - 
After incubating for 1 2 minutes at room temperature, wells were washed four times with serum 
free DMEM to remove unbound cells Bound cells were lifted with 5 mM EGT.A ana counted 
m scintillation counter. L"93" cells, used as a positive control for native P-se!ectin iigand protein 
binding, were pretrcated w,th gamma globulin (5 mg/ml) to blocK endogenous Fc receptor before 
binding to P-seiecttn IgG chimera. Comparative binding data are shown in Fig I 
Immunoore ciunanon of PSGL-1 with P-<efectin/IgG fhimm 
Recombinant full-length or soluble P-selectm Iigand protein prepared from transformants. 
with ana without additional core2. was labelled with 3 <S-methiomne and subsequently 
immunoprecipitated with either the anti P-selectin iigand protein poivclonal antibody or P-selectin 
ligand/IgG chimera as described previously in Examples 7 and 5: Sako. D . Cell _P5, I i~9- 1 1 86 
i 1993m Data are depicted in Fig. 2. 
3 Flow- Cytometry . 

Stable murine P-selectin iigand protein transrectants swim and without core! were 
analyzed rjy standard F.ACS techniques using cither P->e!ec;:n, IeG chimera t Lec Y I Example 
5' or anti P-seiectin ligana protein monoclonal antibody i.MAb 2":. raised against a oeptide 
naving the sequence from ammo acid -i2 to ammo ac:d 56 of SEQ ID NO 2; Both realms were 
preconjugated to nTC labelled Protein A. Cells were analyzed hv F ACS arte: tncubanr- with 
this conjugate for 30 minutes at -l J C in the presence or 2 mM CuC Data are JeDicted in 



EXAMPLE 9 

E-SELECTIN BINDING OF P-SELECTIN BINDING PROTEIN 

E-Seiectin/lgG chimera was made as described in Example 5 for the P-seiecnn [gG 
chimera using an E-seiec:m encoding DNA including amino acid, -2! to 536 of the sequence 
reported :n 3e\itacqua e: J. . Science. 2*3- ! ! 60 < 1989) 
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I'*" ,c;l> ^.proximately - 5 , !(.'■ .,,re referee _,, : , r . p;ut „ jnJ 

Jividea equally mtc 50 m L cul:ure> ■ :mai concentration or : 3 < 1 06 ce^/mL training 
rresh complete RPMI medium and 50 uC;,nl of H-giucosam:ne nvdrocnionce . label, me 
protein-linked carbohydrate cf glycoproteins f Varies. FASEB : .226-235 * | op i , ; v - :er ^ hour 
incuDation. the cells from both cultures were recovered by centnrugation and wasned three time, 
with PBS. The pelleted cells were suspended in 2.5 mL each of a [>sis buffer containing l^c 
Tnton X-100 and disrupted by probe somcation tor two minutes The detergent /.sates were 
placed on ice for three hours and then resomcated for an additionai two minutes The i> sates were 
centnfuged at 16,000 rpm for five minutes, the supernatants were recovered and each adiusted 
to 1 2 mL with lysis buffer containing no detergent. To one of the two diluted ceil Ivsates wa* 
added 100 uL of protein A sepnarose precoupled with P-selecun/laG chimera (see Example 5i 
and to the other was added 100 uL of protein A sepharose precoupled with E- ; eiec:in/l 2 C 
emmera. Both chimeric proteins were present at a density of approximate! v 2 me proteirvmL of 
resin. Binding reactions were allowed to proceed overnight at 4 degrees C w,th end-over-end 
mixing. On occasion, punfled membranes from U937 cells served as the starting material for the 
detergent extraction of labeled proteins, In these cases, the detergent extraction and affinity 
precipitation steps were essentially identical to the above. 

Following incubation, the two parallel reaction mixtures were eacn centnfuged 
at 2.000 rpm and supernatants were discarded. The resin pellets were washed four times with 
buffer ; 10 m\1 MOPS. 100 mM NaCI, I mM CaCL. I m\1 MgCL 0.02-c NaNY P H " 5 wuh 
Tnton X-100 [0.25^ for the tint and second washes. 0. ! <r for the third wash and 0 OI ~ for the 
rounh wash]). A final l mL pre-elution wash of each resin pellet using buffer containing 0 0! 
Tnton X-100 was conducted and these were retained for quantitation or radioactive counts by 
liquid scintillation counting (LSC). The resins were then eiuted overnight at 4 degrees C w lt h 
end-over-end mixing in I mL each of buffer containing 0.0 1 Tnton X-100 and iOm.M EDTA 
The supernatants were recovered by centnrugation and then quantitated bv LSC 

Autoradiography or the matenals released from the resins m EDTA wa^ 
performed bv electrophoresis or ^amp:es = approximately ; 0.000 cpm ^ampies concentrated 
Centncon-10 units where needed) on I0«c cross-linked SDS-PAGE gels, suosequent treatment 
of rahe gels with EN 3 RANCH iDuponu as per the manufacturers instructions followed bv drying 
for two hours on a commercially available gel drver i BioRad) Exposure of the dned sets to X- 
ray film was conducted for a minimum of three days at -80 degrees C 

Elution of immobilized E- or P-selectin, previously exposed tc detersem extracts 
of U93- cells and exhaustively washed, wuh EDTA yielded liberated. 'H-giucnsamme labeled 
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JM £ " sie:SiR -^^s affinity captures .igand. 5 ■ from -a?" anoie ,, vJ , e ._ _ D _,_ 

JeM ^ ! ™ nRir Jnd tfUl "? tu - ^= sub.eq.en::;. leased y?on ;re „ 

resins with EDTA. 

The evaluation of the proteins released b> EDTA from :he iwo cmmera- 
penormeo by SDS-P.AGE and autoradiograpnv under reducng and non-reduc.** ccn^.J 
commercallv a-.ajiable <C-laoelec modular we.gnt standards *ere employed, A> -nown^ 
the autorad.ograph dep.cted ,n F,g a. !he released counts from the whole cell ivsates treated 
the P-selectin chimera .lanes 2 and 10; and the E-selec.m ch.mera , lanes 4 and 8- correlatec :o 
a major spec.es of 200 kD molecular weight, non-reduced , lanes : and a, and 100 kD reauced 
' ,aneS * Jnd 10! lR d,fferem «P«ments dep,cted m F.g. a. where punned memcrane extracts . 
were used as tne starting matenal m place of whole ceils, both the E-selectin chimera , lane 5. non- 
reduced and lane 9. reduced, and the P.elecnn ch.mera mot snown, gave s.m.lar results Otner 
experiments have demonstrated that the major U93"> glycoprotein wh.ch b.nds to P-seiectm 
immunoreact.ve w.th Rb3026. a polyclonal antibody ra.sed aga.nst recomb.nant sPSGL! T" 
Therefore. P- and E-.elect.n specifically recogmze a s.ngle major glycoprotein species w„h 
identical propenies in each case. 



; a* io.iow c 



Example 10 

Production and Analysis of Deleted or Altered 
Forms of Soluble P-Seiectin Ligand Protein 
A - Generation of DNa rnnttmnc 

Truncated forms of the P-selecttn i.gand protein- IgG chimera, were jenerateu 

Plasmid pED.PSL.Fc was restncted with PstI and No.I and the 6kb fragment comonsm, the F, 
portion and vector. pEDFc6kb. was gel P untled. Plasmid constructs P ED J4Q F ,. ?ED Fj ^ 

pED 19 Fc were created by standard PCR techn.que. using the tollow.ng pairs of ol.gonucteence 
pnmers: 

'Upstream ' pnmer for aii constructs: 

- - *^^^^^^-^^T3CAGGTC3ACTCTA3A33GCA3TTrTTCTGGGC2CAC3-3'! SEQ ID N'O 20- 
"Downstream ' pnmer for 148Fc: 

;SE q IDN0: , 



"Downstream ' pnmer for -TFc 

- ,.-..C ~STGC3GCGGC3rA3GAG3C7::A:AG7G37A>j SEQ ID N'O 22 
'Downstream pnmer for ! ^F: 
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The template DNA :cr PCR :eac::en a a, pED PSL F: The PCR n-non, were ^C. " mm,, 
-i: -C. 1 mm . 'Z:C. 3 min . :>ciei. ubirg a Perkin -Elmer Thermoc> cier After completion 
or the las; cvcle. the reaction was treated with Klenow enz\me a: 2* C for 30 mm . extracted wi:n 
phenol chloroform, s odium acetate added to 0.3M. ana me PCR proaucr DNA precipitated 
with 2.5 volumes of ethanoi The DNA pellet was nnsed with 70^ etnanol and residual eihanol 
was evaporated. The resuspended DMA was digested with Pstl and Soil, gel punf ea and neated 
with the pEDFc6kb fragment described above. Correct constructs were identified b\ restriction 
analvsis and confirmed by DN'A sequencing 

Plasmid pED.A Y ! 4$ Fc. pED H24 Q70. 1 4S.Fc were created b> site directed mutagenesis 
(Maniaus et ai.. 19S9. Molecular Cloning: A Laboratory Manual. Cold Spring Harbor 
Laboratories) using pED USFc as template and the following rnutasenests oligonucleotides 
for AYU8 5 -ZGGAGAGAGGCGAGGGAAT7GZ7G33AGAAAC3-3' .SEQ ID NO- 2-1 
for H24 - - ZG7C3AGAAATGGTGAGGGAGAGCAG7GAGAGGAC7GG73-3' < SEQ ID NO 25 ] 
forQ^O: - 3 A G C 7 3 G C Z AA 3 A 7 3 3 3 G 3 AA 373773 A 33G A 773 A ZG A 3 - 3 (SEQ ID NO:26i 
Positive clones were identified by colony hybridization (Manians et al. supra). 

pED bbhh.148.Fc was constructed by restricting pED.^YUS .Fc with EcoRJ and ligaung 
the following duplexed oligonucleotides: 
5' - AATTC3AGTTCGTAGATT7TG-3' (SEQ ID NO; 27) and 
5'-AA77GAAAA7G7AGGAA3733- ^ (SEQ ID NO 2S). 

Constructs of the senes pED FY' YD. ! 9.Fc. pED.FFYD. ! 9 Fc ana pED.FFFD ! 9 Fc. were 
made bv restricting pED.A Y 1 4S.Fc with EcoRI and NotI and iigatmg :he foliowins duplexed 
oligonucleotides: 
for pED.FYYD.I9.Fc: 

f'-AATTCGAGTACCTAGATTATGATTTGGTGGGAG.A.AA.rTGAGCZTGCZCo' >SEQ ID NO 29. 
and 

: -GGCCGCGGAGGCTCAG77TG7GGGAGGAAATGA7AA7Z7AGGTAZ73Z-3' , SEQ ID NO 30 1 . 
for pED FFYD .19 Fc. 

: -AA77GGAG7TGG7AGA77A7GA777G37G33AGAAAZ73A3ZZ7ZZZ3- . SEQ ID NO 3: ■ 
and 

:> - 3 3 3 Z 3 3 3 G AGG 3 7 3 A 3 7 77 Z 7 3 3 3 A G 3 AAA 7 G A7AA 7 3 7 A 3 3 AA Z 7 7 3 - 3 ' i SEQ ID NO 32). 
forpED FFFD.I9.Fc: 

5 -AA7733A377GG7AGA777GGA777GG73Z3AGAA.A373AGZZ7Z333-3 'SEQ ID NO 33' 
and 
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B P'ate Rind. n r for \ naK sis of Deleted or UmrH Forms of Soluble P-s.^nin 

Ligand Protein 

. ne individual riasmu ON A> ^ncoc:ng :ne '.anous mu:c:ej :crm> n" vOiuc:e ?SGL_- : F. 
cmmeras were co-transfected *ith pEA .3/4FT and PACE cDNA in COS jells as je^cn-ed :n 
E.xampie 3<c; fOmls of serum free medium, collected -10-04 nours post ;rans:ec:;e- from 
approximate!;. 10' COS ceils. *js punned on a column or 0 2:mi or protein A ,ecnro^ 
. Pharmacia, equilibrate with TBS supplemented with ImMOC:. After wasnme with 20mi. 
or TBS, CaC! : . the bound matenai was eiuted with 0 fmis or" 0 1M acetic acio. > \ :\\ N\iC! 
ZmMCaC.. The eiuted matenai was neutralized with ! /20th volume 3M Ins pH 0 1 Tne 
matenai was quantitated bv measunng aosorbance at 2S0nm and b> comassie blue >tainin* m 
PAGE- SOS, La emmh eeis 

In oraer to produce non-sulfated forms of soluble PSGL- i . COS cell transactions or the 
relevant Fc chimeras were penormed as described above except that follow mg transection the 
cells were cultured in the presence of 50mM Chlorate (Sigmai. 

Quantitative adhesion of CHO:P-seiectin. CHO E-selec:m and CHO L-selecttn ex pressine 
cells was performed as descnbed m Example 4(o. with the following modifications. COS cell ana 
antibodies were omitted. Instead. 48- well mtcrotiter plates iCostan were coated for 16 nours at 
■i=C with varvmg quantities of protein A-punfied soluble PSGL-l/Fc chimeras The unoound 
matenai was removed and the coated wells were treated wuh Hank s buffered saline ; HBS . w.th 
1 mtml BSA and 2m\l CaCI, for ! hour at 4=C. Tntium iaoeied CHO setectm expressing ceiK 
were added and binding quantitated as descnbed m Example 4<c 
C - Effects of Mteration of VLinked Glvcosv lation Sitps 

Constructs expressing three P-,electm hgand-IgC chimera, were constructed to examine 
the effects of \-hnked givcosviaticn sites on selectin binding These constructs had me :' -lowing 
characteristics: 

I48.Fc ammo acids 42- j ^ 0 f SEQ ID NO 2 

Q"0 US.Fc amino acids 42- ISO- of SEQ ID NO 2. .wtn the asparagme rescue it 

position ! 1 i of SEQ ID NO 2 replaced wun a giutamme residue 
HZ4Q-Q.i48.Fc amino acids 42-189 or SEQ [D NO 2. wuh the asparagme 

residue at position 6: of SEQ ID NO:Z with a histicme residue 
and the asDaragme residue at position 1 \ 1 of SEQ ID NO 2 
replaced wuh giutamine residue 
These c: retracts are -cr.ematicallv represented in F12 * 
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The binding or :he^ construct., to protein A and P-eiectm-IgG .mmera LEC-v i ■ was 
compared The results or :nese experiments are >now n m Fig - Cjmpan.on or" ,anes 4. : " and 
^ m the autoradicgraph demonstrates that removal or one or corn or :ne firs; two \-imkeJ 
givcosviation sites in soluble P-seiectin iigand protein does nor S!gmf:cant!\ -Meet oindme to 
P->e!ecnn. 

D. Effects of Tyrosines 

Constructs were made to examine the rote of tyrosine in P-selectin hgand protein bmdme 
to selecuns by alteration of rhe anionic region of the soluble protein. The following constructs 
were made: 

AVl48.Fc ammo acids 42-189 of SEQ ID NO 2. wun amino acids 46-52 

deleted 

FFFE.148.Fc ammo acids 42-189 of SEQ ID NO:2. with the tvrosine residues at 
positions 46. 48 and 51 replaced with phenv lalamne residues and the 
aspanic acid residue at position 52 replaced with a glutamic acid residue 
These constructs are schematically represented in Fig. 8. 

The degree and sites of sulfation of P-selectin ligand protein were examined b> 
expressing relevant constructs in the presence of radioactively labelled sulfate. The decree of 
sulfation of 1 48Fc and AY. 1 48. Fc were compared to that of a P-seiectin-IgG chimera, which was 
not sulfated. Results are depicted in Fig. 9. These data demonstrate that the majority of sulfate 
incorporation is into the anionic region of the P-selectin ligand protein. 

Additional constructs were made to determine whether the sulfation or the anionic resion 
occurred at the tyrosine residues. The following additional constructs were made 

FYYD.I9.Fc amino acids 42-60 of SEQ ID NO. 2. with the tvrosine residue 

at position 46 of SEQ ID NO:2 replaced with a phenylalanine 
residue 

FFYD.19.Fc amino acids 42-60 of SEQ ID NO 2. with the tyrosine residues 

at positions 46 and 48 of SEQ ID NO 2 retraced wun a 
phen\ iaiansne residues 
hr-rD.I9.Fc ammo acids 42-60 or SEQ ID NO Z. with tr.e t\rosine residues 

at positions 46. 48 and 5 1 of SEQ ID NO 2 replaced wuh 
phenylalanine residues 
These constructs are schematically represented in Fig. 9 

The degree of sulfation of these constructs was compared to ! 9 Fc < YYYD 19 Fc ' ■ 
Results are shown in Fig 10 FY YD 19 Fc showed significant sulfation wmie FFFD ! r < Fc was 
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^acstantjai a stated 7—, t~e r -n-"- " . • - • - - >n, , f p 

proteins are rne ma:cr ,ne or" ^u. ration 

Removal of sulfate from P-^iectx :«gana protein ,unsun::a.!v reduce, its binj.rr o ?- 
lectin. The binding of US r: treated war, cniorate to P->eiect,n was examined A, ,r:. n :n 
Fig. 1 L inhibition of sulfation bv chlorate treatment saostantulK reduced tne amour.: of P- 
selectin ligand protein binding to P-seiectm. 

Effects of C-terminal Deleting 

Several additional C-terminai deleted constructs were made as follow, 
254. Fc amino acids -12-295 of SEQ ID NO 2 

Fc amino acids 42-88 of SEQ ID NO:2 
19. Fc amino acids 42-60 of SEQ ID NO:2 
These constructs are schematically represented in Fie. 12 

The binding of 254. Fc. 148 Fc. 47 Fc and 19.Fc to P-seiectin. E-seIec:in and L-.eiectin 
was tested Figs. 23 and 24 compare the binding of these deletion chimeras to seiectin, ana 
controls Results are also summarized in Fig. 12. 
F * Binding to P-selectin and E-seiectin Expressing Cells 

Binding of various constructs descnbed above to cells expressing P-se!ectin and E- 
selectm was compared using a quantitative plate binding assay of Example 4<c) ^wr.ich is 
schematically descnbed in Fig. 13). 

Fig. ! 4 compares the binding of U8.Fc, AY. 1 48. Fc. FFFE \ 48. Fc and human IcGt tc 
P-seiectm expressing CHO cells Deletion of all of the tyrosine residues in the anionic rc-on 
AY.l4S.Fc eliminated binding. Changing the tyrosine residues to phenylalanine rescues in 
FFFE [48. Fc substantially reduced binding as compared to US.F: Thus, it was demonstrated 
that the presence of the full length anionic region :s essential :o P-,electm oinain- and tr.at P- 
selectm binding is enhanced by sulfation m this region. Fig- 14 also repons control exre-ments 
demonstraung that U8.Fc, AY 148.Fc and FFFE. US. Fc do not oird to CHO cells wh.cn Jo not 
express seiectin. 

Fig. If compares the binding of US Fc. AY US Fc. FFFE U8 Fc and human !:Gi to 
E-seiecnn expressing CHO cells. E->elec:in b.namg was unaffected o\ tne deletions or alterations 
of the native sequence. Thus, it was demonstrated that the anionic region is not required for E- 
selectin binding. 

Fig. 1 6 summarizes the results of Fies 1 4 and 1 5 
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Mg ! j cm pares me ^nuing of 4^ Fc to P- and c-.eie^un -x^resMne CHO c-j 
demonstrated substantial bindme to botn selecting despi:e deletion or the N-lmked wosv iation 
vites at positions ! ! 1 and 29: of SEQ ID N02 

Fig. 19 compares the binding of FYYD.I9 Fc. FFFD !9 Fc. H24 Q~o 148 Fc. !4S Fc. 
and human IgGl to P-selectin expressing CHO cells. Replacement of ail of the tyrosine residues 
in the anionic region in FFFD. 1 9.Fc eliminated binding. Changing the tyrosine residue at position 
46 to a phenylalanine residue in FYYD.19 Fc substantially reduced binding as compared to 
148. Fc. Alteration of me N-i inked glycosylate sites in H24 Q70 .1 48. Fc did not affec; binding 
Thus, it was demonstrated that P-select:n binding is enhanced by sulfation in the anionic region 
and that N-lmked giycosylation is not required for P-seiectm binding. Fig 19 also reports control 
15 experiments demonstrating that FYYD.19.Fc. FFFD. 19. Fc. H24.Q70. 1 48. Fc and 148 Fc do not 
bind to CHO cells which do not express selectm more than human IgGl alone. 

Fig. 20 compares the binding of FYYD.19 Fc. FFFD. 19Fc. H24.Q70 148 Fc. 148. Fc. 
and human IgGl to E->electin expressing CHO cells. Truncation of the iigand protein to the 
degree of FYYD.19. Fc and FFFD. !9Fc substantially reduced E-selectin binding. Alteration of 
20 the N-linked giycosylation sites in H24.Q70. 1 48. Fc did not significantly affect E-selectm binding. 
Thus, it was demonstrated that P-selectin Iigand proteins comprising amino acids 42 to 60 of SEQ 
ID NO:2 can selectively bind P-selecan. and. to a substantially less, extent E-selectin. 

Fig. 21 summarizes the results of Figs. 19 and 20. 
G - Conclusions Regarding P- and F-Selectin Binding 
- 5 Although applicants do not which to be bound by any theory, these data allow several 

conclusion regarding the relationship between P-selectin binding and E-selectin binding bv P- 
seiecun Iigand proteins. N-linked carbohydrates are not required for binding of a P-selectin Iigand 
protein to either P- or E-seiecun. P-selectin Iigand proteins as smaJl comprising as little as amino 
acids 42-60 of SEQ ID NO:2 are capable of binding to P-se!ectin. and. to a substantially less. 
30 extent E-selecun. 

Fig. 22 depicts a proposed schematic model for binding of P-selectin Iigand proteins to 
P- and E-seiectm O-iinked sLe' carbenydrate has been demonstrated to ce required lor both P- 
and E-selecun binding Data presented herein demonstrate tnat sulfated tvrosme -esidues are 
implicated m P-seiectin binding, but not E-selecun binding. Applicants data also suggests that 
35 no N-linked giycosylation binding site is required. 
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Example 1 1 

Examination o f Aggregation Phenomena jnd Pimcr Formation 
in Forms of PSGL-1 

A par.ii .-f PSGL-! mutant were constructed Dy s:te-Jirec:-c: mutagenesis ardor PCR 
amplification with pnmers that introduced a stopcodon. The template for aj; mutagenesis 
experiments was pPL35.RI6 i ATCC "557". deposited bv applicants) 

Tne first group of mutants ^CjIOS and C3rS ) encode full-length PSGL-! RI6 witn oniv 
one ammo ac;d change compared to wi id-type PSGL-1 RI6 iC>s to Ser at position 510 or 32T 
respectively- COS ceils, co-transrected with pEA.3/4FT and the mutants C3I0S orC3:~S. were 
labeled with '^-methionine. Cell lysates were prepared and the mutant Droteins were 
immunoprecipttated with the P-seiectm ligand polyclonal antibody of Example T A ) and analyzed 
by SDS-pcivacryiamide gel electrophoresis under non-reducing ana reduans conations. 

The mutant C32"S as well as wild-type PSGL-1 R 1 6 migrated as a homoenmer under 
non-reducing conditions and as a monomer under reducing conditions. In contrast, the mutant 
C3 10S migrated as a monomer both under non-reducing and reducing conditions, indicative that 
the cysteine at position 3 1 0 is required for dimer formation of PSGL- 1 . 

Both mutants were also analyzed for their ability to bind to P-selectin. Detersent extracts 
of co-transrected COS ceils were precipitated with the LEC-yl chimera of Example 4(A). The 
precipitates were analyzed by SDS-PAGE under non-reducing and reducing conditions and by 
autoradiography Both PSGL- 1 Rl 6 and C3Z7S were efficiently precipitated by LEC-g 1 . whereas 
C310S binding to LEC-yl was greatly reduced, indicating that the uimenc form of PSGL- ! binds 
P-selectin more tightly than the monomenc form. 

The second set of mutants enccce soluble forms of PSGL-1 Rio ana are ;isted ;n TjDle 
1 The mutant ATM was generated by site-directed mutagenesis and has a aeietion of the 
transmembrane domain i amino acids 313-333) followed bv RLSRKA The mutants L3I 1. L312. 
A.? 13. 13! 4. L3I5. A3 18 and T322 were generated bv site-directed mutagenesis or PCR 
amplication with PCR pnmers that introduced a stop codon in the desired position The name of 
the mutant refers to the C-terminai amino acid of each truncated soluble form of PSGL-i R16 
The mutants were analyzed according to the following criteria: 
!. Expression and secretion from trans fee ted COS cells 
I. Dirner versus monomer formation 
3 Lack of aggregate formation 
- P-selecnn binding i LEC-y i cr,imera> 
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The mutants ATM ar.d L^!- rai;l,ied a.i roar .meru The ^n-^^rij *-rm, jr ?SGL- ^cr. 
a. sPSL.QC of Examrjie 5i A . L3 I ;. L3i 2. A3 i 3. 13 U ana L3! * a; J net Term aimerv js weil an J 
:he longer soluble forms of PSGL- 1. >uch as sPSL.T" or" Example 5-C . A3 : - ana T3ZZ rormea 
hign molecular weign: aggregates 'Ahach were less desireable 

CHO ceils, already expressing 3M fucosyltransferase and CoreZ :ran:>r'erase. A-re 
:ransrected with psPSL.TT ATM. 13 1 6 or psPSL. QC and amplified using methotrexate Stable 
clones were isolated and laDeled with "S-methiomne. Conditioned media uas eitner anai\zca 
directly or first precipitated with LEC-v I and then analyzed by SDS-PAGE uncer non-reducing 
and reducing conditions < Figure Z5 .. The results indicated that ATM and 13 : A were mcs: efficient 
in aimer formation and P-seiectin bindine. 



Table I 



Dimer High MW ?-sele::: 

:cr^.a::cr. Aggregates b:r.d:r.g 



A3 13 
Z3 14 



A3 13 



ATM 



Example 12 

Specificity of PSGL-1 Binding to P- and E-Selectins 

Materials A chimeric protein compnsmg the extracellular domain of numan E-^iec:m 
ana the Fc portion of human IgG, was constructed analogous^ to tne Poeiectm chimera. LEC-v i . 
aesenbed earlier The soluole E-selec:m chimera -.vj^ exDressed :n caculm iru^-inrecied 
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expression or at : .3 : a -ruco^ irran^era^e Fac-TIII* PST-r ■ r^-- <, 
paireJ Jm!no ^ccnve.™* er:> TO PACE , respect e:> ,a,e *-„ aescnbed ,er,:n ^ 
<n the literature ,Sako et aJ. ,!093,C,,7 75. . i "Q.. , 36. Rehemtuila. A £ Kaufman R J ; 9 o: 
Car, (>„. S, 0 „ f .„„ o/ . J. 5 60 . 56f: wasiev et al. (1993) / Btoi Chem 268 S45S-S465, 
Fuc-TVII cDNA . piasmid p.MT.FT"> was cloned from an HL60 cDN.A expression :,brar. us.nc 
ohgonuciect.de probes denved from the publ.shed sequence .Nauuka e: al : l QQa , Journai 
*«>">*"•'■*' -69. 16-S9-I6-94. Sasaki et al. ,1*94* J Biol. Chem. 269. 14-3(3. |4~t- 

A polycional neutrai.zmg rabbit antibody. Rb3443. was ra,sed aga.ns. a peptide compns.ne the 
first 15 am.no acds of the mature , PACE-cieaved , N-term.nus of PSGL-1 Monoclonal 
om.-CDa;. anubod.es rrom e.ther Becton D.ck.nson or Biodes.gn Imemat.or.ai and retype control 
ant.bod.es were coupled .0 a ,oi.d su PP on consisting of Sepharose TM-4B w.tn a ccvaiemiv 
attached goat aff,n„> -punned anubodv t0 mouse IgG (Cappel. Organon Tekn.ka Corpora.™,' 
Affinity coupling of select.n ch.meras and munne ant.bod.es to Protein A Sepharose 4 Fas. Flow 
Pharmacia, and .0 the ant-mouse IgG res.n. respectively, was earned out at a rat.o of : me 
pro<e,n/ml of res.n. Ant.senam Rb3443 was coupled to Pro.e.n A Sepharose at 1 ml/ml res.n 
Coupling efflcences. indicated by m.cro-BCA assay (Pierce, of the pos.-reac.ed supematants. 
were at least 951 Aprot.n.n and peps.at.n were from Boehnnger Mannhe.m and benzidine, 
ieupeptm. and phenylmethylsulfonyl fluoride (PMSF, were from S.gma. 

Labei.ng; and Membrane FrtMrrmn of Mveln.ri r^iu L '93" or HL60 cells er0 wn .n 
>uspens.on to a dens.ty of -1.3 x 10' ceils/ml were labeled ,n 50 mi of RPMI1640 mea.um 
supplemented w.th !0<fc fetal bov.ne serum and 2.5 mC, of 'H-giucosamineHCl 1 DuponcNEN' , 
for 48^Act,v,t,es of greater than 1 cpm/cell were rout.nely obtained by th.s tecnn.que The 
labeledTeTITwere washed w.th PBS. resuspended .n cell lysis buffer MO mM MOPS. 1 50 m.M 
NaCl. 4 mM CaCI : and 4 m.M MgCl-. P H " 5 containing protease mh.b.tcrs 20 mg<ml arrot.n.n. 
10 mM benzidine. 20 mg/rr.l Ieupeptm. 5 mg,mi oepstat.n. and 10 m.M PMSF and suo.ected 
■0 several cycles of probe son.cat.on on ,ce Nucie. and ceil debr.s were removed bv < Ptfsa 
--entnfugat.on and the eel! membranes recovered from the supernatant bv .emnfusat.cn at 
100.000? RCF for 1 hr. washed by resuspens.on and high speed centnragat.on ,n cell Ks„ buffer 
containing 1 M NaCl. and finally resuspended in 3 ml membrane solubhuat.on buffer .cell ivsis 
buffer containing I -c Tnton X-.OOv Several cycles of son.cat.on and xcubauon on :ce were 
employee to solub.lize the membrane fraction Finally, a low speea centnfugat.on ,tep was 
empioved to remove insoluble memDrane residue 
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transiecred Uiing DEAE dextran and cnleroquine 2.^ emp;, v :ne - us or -j s m;j, rPL- - 
pFCD-3 jt.j - a;: >f pEA .PACE, as wen as 4 ^ or pEA 3 -FT or pMT FT" Arter - r 
recover;. :he transacted ce!U were served in serum-and meir.vr.ine-rree DMF medium ' t 
mm ar.a tnen fed ; "S J-metmonme in serum-free DME ror 5 hr The iaoeied ce;;> .cere wasned 
incubated with EGTA to loosen them from the dish surface, scraped from [he disn. reilered. ar:d 
suspended in cold lOm.M PIPES buffer. pH " 5. containing 100 mM KC!. 3 mM NaC:. ; 5 mM 
MgC! : . and protease inhibitors (see abovei Memorane extraction then was earned ^u: ?\ 
sonication. low speed cemnfugation. high speed centnfugation. and solubilization in merrmrune 
l>sis buffer as above, ror labeled myeloid cells. 

Afflmn. Precipitations Membrane extracts were diluted 1 - or : 5 with cell lysis buffer 
or with TBSC buffer > 20 mM TnsHCI. 150 m\f NaCI. 2 mM CaCI, pH " 5. supplemented w:tn 
5 mg/mi bovine ^erum albumin (approximately ^7. Sigma). Extracts thus diluted :o 0 2-0 25 " 
Tnton X-100 were incubated with human IgG -Protein A Sepharose with end-over-end mums 
at-TC overnight. The precieared supernatants men were reacted for 5-12 hrs at 4 : C with Protein 
A Sepharose precoupled with E-or P-selectin chimeras, control human IgG, . Rb3*U3 or with 
rabbit pre-immune serum or with anti-CD43 antibody or isotype control precoupled to eoat 
ami-mouse IgG Sepharose. The resins were washed 5 or more times in buffer comaimns 0. ! -0.5 
Tnton X-100 until the radioactivity of the wash supernaunts was reduced to background level 
Elutton of proteins bound specifically to P-or E-selectin resins was accomplished with 10 mM 
EDTA or 5 mM EDTA/5 mM EGTA at room temperature or by bciiing m SDS-PAGE --ample 
buffer Laemmii. U. K \\9"0) Nature 227, 6x0-685'. whereas eiuticn or proteins oound to 
antibcav resins was achieved exclusively ov the latter means resolution under re J acme 
conditions, dichiotfireitol was added to the sample buffer to a fmai concentration of :■'■'/ mM 
Samples thus prepared were resolved by SDS-PAGE on " 5~ gels, treated with En Hance 
Duponti. dned. ana exposed to autoradiography fiim. 

For sequential arfinitv capture experiments, memorane extracts were precieared. crf;nic\ 
rrecinuteu wuh ?-or E --eiectm or Human IgG . ana 'Aa^.e: acwe Sumpies then -vere e.uteo 
twice from the resins with 5 mM EDTA in 10 mM MOPS. 150 mM NaCI. pH " 5 ror 1 nr at 4 C 
with rambling. The first and second eluates were combined and then immunoprecipitated witn 
immobilized Rb3^43 according to the protocols outlined above 
RESULTS 

Soluble E-and P-seiecun chimeras -vere used, in parallel w nh control numan IzG to 
probe aetergent-soiubiiized memorane extracts or" 'H-glucosamme-iabeled L'^3" cells as described 
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■ ...n^> ..«.am:na:....n • j.ujr-.-s :r-rr. r.:noni:jL'j c:e;t:-' 

a ma.orprctcir: <rec:e!, w.th ^entica. eiectrcpnoretic properties Mr 2C."!-kDa rvn-fej:j--< n- 
-'° nverMcn tc J 5rec:es or ' Nlr 1 :C "^a following recucnon F: s - Zd. ,anes : and 3. rescec:r.eiv 
Occas.onanv acdit.onal bands were observed m both E-ana p.«!ectin eiuates presumaoK 
corresponding to this major band and reflecting the presence of naturally reduced material the 
::0-kDa secies m non-reduced samples) and incomplete reduction .the 200-kDa spec^ in 
reduced samp.es.. Additionally, a trace band of Mr 150-kDa .n :ne E -^lectin eiuate wn.cn u> 
unaffected *>> -edact.cn with DTT was occasionally observed No bands were observed ,n ontro. 
expenments using .mmobilized human i g G, .Fig. 26. lane I , or where elut.on of selectm resin, 
was performed m the absence of EDTA or SDS .data not shown, Essentially .dent.cal result, 
were ootained using HL-60 cells .data not shown,. Hence, the nature of these recognition ••••ems 
is interpreted to be specific metal-aepenaant interactions of these proteins with the respective 
^lectins, presumably via the lectin domains .Lasky. L A. ,N92> Saerue 258. 9o-i-^fc9 
Dnckamer. K .1988) J. Biol. Chem. 263. 9557). 

The metal-dependant recognition and electrophoretic behav.or of the major sand 
precipitated w,th E-selectm was consistent with the propemes of the previously identified 
P-seiectin coumerreceptor. P-selectin glycoprotein ligand or PSGL-! .Moore et al. t 1994; J Bioi 
Chem. 269 23318-23327. Moore et al. (1992) J. Cell Biol. 118. 445-456. Sako et al > 

To assess whether this species was indeed PSGL-I. EDTA eluates of the both E-and 
P-select,n precipitates were subsequently reacted with the PSGL-1 specific polyclonal antiserum 
Rb3-43 As Shown ,„ Fig. 11. the major band isolated by affinity capture w.th either seiect.n was 
immunoprecipitated us.ng this antiserum , lanes 3 and 4 respectively i No spec.es were detected 
after .mmunoprecipitaiion of the control IgG, EDTA eiuate .Fig. 2'. lane 5- Direct 
.mmunoprecipations using fresh 'H-labeled U93" membrane extracts confirmed the spec:f:c;r. 
of Rb3443 precipitation with Rb344 3 results ,n the recovery jf a >,nele band w,h the 
eiectropnoretic properties of PSGL- 1 . Mr 200-kDa non-reduced. Mr ! 20-kDa reduces F:c 2~ 
lane 2, wnereas precipitation wnh P re-,mmune antiserum fails to capture anv material ; Fie 2' 
iane 1 These results indicate that the major protein 3 pec:es ,ce;::ically captured from rrr.do.c 
cells by both E-and P-selectins is PSGL-1. 

To further assess the specificity of E-seiecun for PSGL-1. L'93~ membrane iysates were 
probed directly for the presence of CD43 .or ieukos.ai.n i. an abundant cell ;urace 
>ialo2iycccrotein known to near the major ponion of myeloid cell SLe x residues Maemura. K 
i Fukuda. M .1992- J Biol. Chem. 267. 24rc.;4?*6, Thus, membrane extracts or 
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^■^lu^ vair-.jr-- r -~ a — pr a-- -n ^n::~- co. -. ~ar_. o - :~ 

PSGL-i *rec;f:c ant ^eru m R 7 "4-4 3 jp.d cor. ;ro; antibodies j- de-cr.bed jrde:" Method*' From 
identical quantities or membrane ivsate. the CD43 antiboov precipitated - e\ce^ ^' • . • 
greater r^dicac.t!\e counts tran did the PSGL-I antiserum E-.aluation or the ;mr:ur.or-':pi:at L v 
ov SDS-PAGE autoradiograpny (Fig. 23) revealed a single specific band :cr eacn antinodv 
Rb.U43 captured a single species with the eiectrophoretic charactenstics or PSGL-I F:a IS. 
Lane 2r In contrast, ine CD-3 antibody precipitated a species wan an Mr :20-kOa Ahich -a as 
insensitive to reduction iFtg. 2S. Lane 4i. consistent with the absence or cvste:ne :n CD4? 
immunoprecipitation^ with control antibodies (Fig. IS. lanes 1 and - proved negative as 
expected There appears to oe considerably greater quantities ofCD-3 than PSGL-! :n l T '4*~ 
cells, consistent with :ne quantitation of these proteins in HL-60 cells i Cshiyama e: a: i ! oc >3 i 7 
Bun Chem. 268. !f 229- 1522") Thus, the inability of E-electin to precipitate CD43 from 
oiveioid ceils does no; appear to be due to its absence :n tne^e :e:I lines. While we cannot -\ciuue 
tne possioiiity that^ E^electin captures trace quantities of CD43 ;:e.. :ne iow -mienMtv Mr 
1 20-kDa band in Fig. 2*6. non-reduced lane 3 which is also consistent with mcnornenc PSGL- ! ■ 
PSGl_- * abpears to be the major protein precipitated frdm Weiold membrane extracts 

Recombinant PSGL- 1 expressed in COS ceils is best achieved with cotransfection of the 
PSGL-1 cDNA with a cDNA encoding an a{ 1 .3/1 .4 )fucosy [transferase tFuc-Tirii for P-se!ectin 
binding iSako et at ). Interestingly, initial efforts to demonstrate E-selectin recognition of 
recombinant PSGL- 1 failed: E-selectm was unable to capture the counterrecspcor from 
;otransrected COS cell membrane lysates under conditions where P-eiectm caDture was 
successful. One interpretation of this result is that Fuc-TIII was ac!e to modifv -^mo-nan: 
PSGL- i ror recognition bv P-seiectin but was unarole to replicate the appreciate modification! s > 
:-und in rrnercid PSGL-1 necessary for E-^eiec:in recognition. The recent ciomne or a rme:otd 
rucosyliransferase. Fuc-TVII Natsutca et ai \ 1994] Journal of 8 miotic ji C hem t sir. 269 
\^9d-. SasaJu et aJ. " ! 994 , y. 3ioi Chem. 269. U~3G-i4" . ;nat is aiso capable of ;eneratm 2 
5Le x carbohydrate structures, allowed evaluation or this interpretation 

COS cell- were ;otrans;ectea with cDN'A^ encoding euner PSGL- or CD4} ^-j e:mer 
Fuc-im or Fuc-T\T1. MemDrane Ivsates were prepared from the transacted COS ce!l> and these 
were precipitated with either immobilized E-or P->electin chimeras or with antibodies to either 
PSGL-1 or to CD43 The precipitated products were evaluated by SDS-PAGE/autoradiographv 
following their release by EDTA/EGTA i for seiectin mediated binding) or dv boiling in SDS i ror 
;mmuncprecipitationb The results are shown :n F12. 29 
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upon :ne nature of the rucov. -an^era^ i^cd in tne transect — in :«ree *erara:e — - 
Fuc-TVU. but not F-jj-TIII. supported PSGL-i precipitation -\ E-eiec:ir. The -pars i 
Fuc-TIII to confer E-,e!ectm react:-., t> I0 PSCL-; cannci p- a::— uteo :o j ■ ?>.;; 

expression as the specific antiserum Rb3443 immunoprecipaieci significant an 
quantities of PSGL-! from ooth Fuc-Tin and Fuc-TVn transfections ,Fis 2 Q C 
P-selectin was capable of precipitating equivalent caantines of PSGL-1 
fucos>ltransferase r Fig. 29B>. demonstrating that Fuc-Tin and Fuc-TVU are expre^ea a: 
in these cotransfections. 

Within the COS recombinant expression svstem as in rmeioid cei;>. r.:£n-ar"f:nit\ 
E-selectm recognition was also dependent upon the presence of an appropriate r^:'. recede 
Although the polypeptide length, apparent moiecuiar weignt. and nieh frequence arc specific 
types of posttransiationai modifications are similar tn CD-3 ana PSGL-; Maemura. K a: 
Fukuda. M M992) / Biol. Chem. 267. 24379-24386,. neither fucosvltransferase a a, able to 
confer high-affinity E-selectm (or P-selectin) recognition to recombinant leukosiaun in 
cotransrected COS cells (Fig 29A). Immunoprecipitations with the anti-CD43 antibocA indicate 
that comparable quantities of leukosialm were expressed m both Fuc-Tin and Fuc-TVU 
cotransfections (Fig. 29C). The failure of E-seiectin to capture CD43 was not due :o lack of 
fucosvltransferase activity within the cotransfected COS cells FACS analysis of COS cells 
transfected with either PSGL-I orCD43 and either Fuc-TIII or Fuc-TVU all show high levels or 
reactivity with the SLeX specific antibody CSLEX-! Therefore, these results .ucgeM that 
high-affinity E-selectm recognition requires the presence of a specific polypeptide:, - that 
appropriately modified by a specific fucosvltransferase. 



Example 13 

30 Inhibition of P-Selectin/PSGL- 1 Binding 

bv PSGL-1 Derived Peptides 

A numoer of peptides derived from the sequence of PSGL- ; SEQ LI) \C 2 Ae- 
r'or their ability to inhibit P-seiecun/?SGL-l binding The testea peptides are iibtea ;n 

Inhibition was tested according to the following protocol. The wells of a9o ^iate 
were coated overnight at 4°C with PSGL-1 m 50 ul of 10 mM MOPS. 150 m.M NaC. i mM 
CaCL 1 mM MgCI : at pH T5 After removal of the liquid from the wells. 150 ui of 10 mM 
MOPS. 1 50 mM.VaCl. 1 mM CaCL 1 mM MgCL. 0 05^ tween-20. 0 05 ^ ^eiatin a: oH ' 5 
added per well to block the unoccupied sites After I 2 hr :o I nr :ne Nock oorrer -a a. remold 
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~ . ' -J ■. . - -^mpiex :r^jj-7.' r'- - - :ect:n - numjn IcG r. : cmme m Z«cm. 

noun;, .ate- - ut .rm-numan an;:bucn. and ; trepta. am- jomugatcj aikaime pr.o<rnaia>e 
r.jj -en a.jov^c ;o jt rcvm temperature ror 30 mmures to i hour. p;as am prrentia, 

mmrito^ w-re added per well. Eacn piate was shaken and rapped :o remove me Mock :r-m date 
The ir^Dation proceeded for I nr at room temperature rotating in the aarK The ancouno 
complex was washed off the plate with two i 50 u] ponions of !0 mM MOPS. 150 mM \ad. 
i mM CaCL I m.M MgCL 0.05^ :ween-Z0 followed o% i 50 ul of IM diemanoiamme. 0 5 mM 
MgC:.. The cnromogenic substrate for aikalme phosphatase. PNTP. m 10 mM DE.-V0 5 mM 

MgC! : a as added and the plate is then read at 405 nm. 

The results of these assays are reponed in Fig 30 The peptides comprising ammo acids 

4S-?1 ;;n wnich the tvrosme residues have oeen phosphor, iated > and amino acids 4Z-5o c( SEQ 

ID \G Z provided particularly desirable results. 

Example 14 
Purification of a Soluble Form of PSGL-I 

Substantial purification of a soluble form of P-selectm hgand protein has been acmeyed 
according to the protocl described below 

A soluble P-seiectm iigand protein, 1316 i amino acid 4Z to ammo acid 316 of SEQ ID 
\'0:Z) was expressed m CHO cells as described herein. CHO ceil conditioned media was 
concentrated with a Peilicon ultrafiltration membrane unit iMilhpore> with either : 0.000 
molecular weight cutoff, MWCOi or 30.000 MWCO to about 1 0 times the onginai concentration 
The buffer was then exchanged into Z5 mM Tns. ImM CaCL pH 4 

The burfer-excnaneed concentrate was loaded onto a Toyopeari QAE 550C .TooHaa^ 
cotumn. Alternatively, the buffer exchange step can oe omitted and the concentrate can oe diluted 
one pan concentrate to three pans Z5 mM Tns. ImM CaCL. pH 7 4, and then loaded onto me 
column. The column was washed wuh 5-10 column volumes (CV of Z5 m.M Tm. i m.M CaCL. 
pH *• 4 at 4°C. 

The P-selectm hganc protein eiuted rrom me ,o;umn wnn a smear NaCI gradient ■■>) M 
NaC: to i 0 M Nad ;n me Z5 mM Tns. imM CaCL pH ' 4 buffer in approximately :l\e coiumn 
volumes Two peaJcs were eluted from the cotumn The second peak contained the P-.eiecun 
Iigand protein and was collected in bulk. 

The peax rrom the QAE column was concentrated with a tangential flow ultrati Irrauon 
membrane fMiihpcre! with a 30,000 MWCO and was men buffer exchanged into Z5 mM Tns 
1 50 mM NaCI. 1 mM CXL pH " 4 at 4 J C 
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at - ; _ . r;e k j;Lrnn a as -a asr.ec: a ::n trie j:uf:i:rat:cr. ■"■jrrer ^nj P ■ < - — 

e:a;ej a j gradient of mem\ , ct-D- :aiuc;cp> ranosi je - ' = -\\ v - m.V re:: 
co> rarosioe ■ at ZO'C Fractions ;rcm tne Jacann cc iumn were jr. >;^-P- 
the pures; fractions were pooled. 



Example 15 
P-Selectm Ligand Protein Fusions 

Fear tusions of a P-selectm iigand protein with a different amino ac:d secraenee -a ere 
constructed 4" Fc, 47 AGP ^ BMP and 4" ILI 1 

4 — A cDNA was constructed encoding the signal peptide. PACE c;ea\ ase site anu 
nrst 4^ amino acids of the mature P-seiectin Iigand sequence fused to a mutated Fc ree:;on of 
numan IgGl at H:s224 of the native Fc sequence. The sequence or the cDNA .onscruc: is 
report as 5EQ ID NO 35. The fusion point is a a novel Not! sire at nucleotide 26 ! The amino 
acid sequence encoded by the cDNA construct is reported as SEQ ID NO: 36 The mature ammo 
20 acid sequence of the encoded fusion protein begins at amino acid 42 of SEQ ID NO 36 The 
mutations in the Fc portion were a change of Leu 234 and GIv23' of the native Fc sequence to 
Ala, 

^ AGP: A cDNA was constructed encoding the signal peptide. PACE cleavage site and 
first 4^ ammo acids of the mature P-seiectin Iigand sequence fused to the first leucine residue or 

2o mature human AGP. The sequence of the cDNA construct is reported as SEQ ID NO 3" The 
fusion point is a a novel Not! site at nucleotide 26 1 The amino acid sequence —coded bv the 
cDNA construe: is reported as SEQ ID NO:38 The mature amino acid seauer.ee or the encoded 
fusion protein begins at amino acid 42 of SEQ ID NO:3S 

47 BMP: A cDNA was constructed encoding the signal petnide. PACE cieavaee o.te anu 

30 nrst 47 amino acids of the mature P-seieam iigand sequence fused to the sequer.ee n mature 
human BMP-2 i with its first 8 ammo acids deleted i The sequence or the e D N A cen^rje: is 
reDoned as SEQ ID N039 The fusion point is a a no^ei Nod Mte at nucleotide 2^ I The amino 
acid .equer.ee encoded by tne cDNA construct is reportec: as SEQ ID NO 40 The mature ammo 
acid sequence of the encoded fusion protein begins at amino acid 42 of SEQ ID NO 40 

iliLLL' A cDNA was constructed encoding the signal oeptide. PACE cleavage sire and 
first 4- ammo acids of the mature P-seiectin Iigand sequence fused to mature numan IL- M The 
.equer.ee or tne cDNA construct is reported as SEQ ID NO 4 ] The fusion point is a a novel Noil 
site at r.uc.ectide 261 The amino acid sequence encoded bv me cDNA construct :s reported as 
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^Ei„. :0 NO 42 The m-'jre ^r.:no ^jj- - *r :r.e en.. ,<ej ~ rr -j ;n -e-- 
i-a -I or SEQ ID \'Q 4: 

Patent anJ literature rerererices c::ec herein ^re irv^rrvrateJ ^ / "jl:. : v 
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L W _ U A 



H i 5 L v 3 Glv 



\ 1 a Ala 3 ^ 



• a: 'o - / a - a 
-J -> 



■ a ^ - .'S 



J J.J w ■ 



-.o GCL" ATC CTA ATC TTG GGC 

-eu leu A.d lie Leu He Leu Ala Leu Vai 
325 23C 



?he ?he Va- 
235 



-ys 



OiO . o 's_ J O.C 

Vai Leu Ala 7a 1 Arg Leu 
240 245 



/s 3iy His Met 



AGC 
Ser 



r o 

2 9: 
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TYPE: cEMA 




: xi; ZZSZKZ ?T I : EE; 

j^A i .. G . _ auoT GAAC E AAGGEGG 
I*J~C?_MATIC\* FOR SEQ ID *.'0-ll- 

A LENGTH: Zi case :a:: 

E TEPCLCGY: l.near 
MCLECYLE TYPE: c ENA 




E . IPEECGY _r,ea: 
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-"•^iH: 12 case :a.r; 
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SEQUENCE EESCRIPTICN': SEQ ID KC.29: 



. . w .-LOO „ _ „ 



. AAGAGAGAGG CACCCCCAGC AGGGACGCGG 7GG7GCGGGG G7AGA7GG7A 

i - .-iTG GGAGGGAG7G AGG7CAGCGG GGC7CACC GG GGCGAGACCA GGGG77GGAG ~ " 

AooGGAGGGA GCC3AGCCAA GAG7G7GGGG AGC77CCACG A7GAAGAA7C 777GGAJVGAA '■ i 

G7ACCAGAAA CGAG7GGGAA AACAACGGGG AGAT7CT7C7 77AA777AAG 77C7A7CC GG AG; 

ACGGAGGAGT 77ATCACC7C AGCAGAGCTT CAGG7777CC GAGAAGAGA7 GGAAGA7GC7 A3; 

77AGGAAACA A7AGCAGT7T CGA7CACCGA A77AATA77T ATGAAA7CA7 AAAACGTGGA 5 4 C 
ACAGCGAAG7 GGAAA7TCCC CGTGACCAGA G7777GGACA GCAGG77GG7 
GCAAGCAGG7 GGGAAAGT7T 7GATGTCACC CGGGCTG7GA 7GCGG7GGAG 

GACGGCAACC A7GGAT7CG7 GG7GGAAG7G GCCCAC77GG AGGAGA-AAGA AGG7G7G7GG ~2Z 

AAGAGACA7G 77AGGA7AAG CAGG7C77TG GAGGAAGA7G AACACAGC7G G7GAGAGA7A ^ = ; 

AGGGGA77GC 7AGTAAC7T7 7GGCCA7GA7 GGAAAAGGGG A7GG7C7CCA : AA_AAGAGA„~ ~ A Z 

AAAGG7CAGG CGACCGAA7A 7GAGTAGGTA GA77A7GA77 7CG7GCGAGA AAGGGAGGGT ~ZZ 

Z G AG AAATGC 7GAGGAACAG GAC7GAGACG AG7CG7G7GA G7GGGGG7GG AAGGGG7GAG ^: 

.C7AGCAC7G 7GGAGCG7GC 7GCAAGGCGG AAACGCG77A. AG7CGAG ~7G 7AAGAGAGAG .Z2Z 

. . _ . i. 77AC7GCGA GGGAGAA7GC CC777TCC7G TGGC7GA7GA 7G7GAAC7GC 11 A" 

AG7AA7GA7G GGA7TG7TCA GACG77GG7C AAC7C7G77A AC7G7AAGA7 7GG7AAGGCA 122 2 

7GC7G7G7CC CGACAGAACT CAG7GC7ATC 7CGATGC7G7 AGG77GAGGA GAA7GAAAAG 1 1 6 C 

j77G7A77AA AGAAC7A7CA GGACA7GG77 G7GGAGGG77 G7GGG7G7GG G7AG 1 5 1 4 

2 ::;f:?g<a7:gn fgr gz; :g xo-.iz-. 
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,'al jlu Pro Ala Ala Arg Pro ?r: 

3 5 ? ■: 



Ser Pro Asp Pro Arg Ala 31 u- Leu 



.a -sp . or rt rg ^.n Leu A- a A_a 



.-he A- a Asp _-.y Asp His Asn Leu Asp Ser Le^ 

* 1 0 " 1 c. ■ 1 " 



- ~ ^e r .n.a u- - y rt^a Leu dy A. a Leu 3 In Leu ?:; 31 y 7a 1 _ - _ 

145 153 155 

Arg Leu Arg Ala Asp Leu Leu Ser Tyr Leu Arg His Va 1 3lr. Trp 

155 17 0 1^5 



-eu 



:g Arg Ala Gly Gly Ser Ser Leu Lys Thr Leu Gl- 



■j — j 



130 1 a 5 19 C 

Thr Leu Gin Ala Arg Leu Asp Arg Leu Leu Arg Ar: Leu 3 1 r. 

195 200 305 

Me- Ser Arg Leu Ala Leu Pre Gin Pro Pro Pro Asz =r: Pr: 



--ro Leu Ala Pro Pro Ser Ser Ala Trp Sly Gly :.e Arg A.a 
Ho 33C 325 

Ala lie Leu Gly Gly Leu His Leu Thr Leu Asp Trp Ala 7a 1 
345 35: 



Leu Leu Leu Leu Lys .hr Arg Leu 
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.V. ^;eo DNA encoo: 



secor.a ammo acia secuence den\ed 
iieand. 



: 4_ :o ammo ac:d r< ■ SEQ ID NO I. .mo r 
rem the sequence of a protein omer man P-*e:ec 



2 The DNA of claim : whicr. further comprises an exrres^or. comro. 

sequence operaoiv imked io >;aic nucleotide sequence 

3. A ho.st ceil transformed with me DNA of claim 2. 

4 A process :or producing a fusion protein, unich comprises: 

u> cultunng the host cell of claim 3 under condition suitable for 
expression of the fusion protein; and 

(b) purifying the fusion protein from the culture medium. 

5. The DNA of ciaim 1 wherein said first amino acid sequence comprises 
ammo acid 42 to ammo acid 402 of SEQ ED NO:2. 

6. The DNA o: claim 1 wnerein .aid first ammo ac:d sequence comprises 
ammo acid 42 :o ammo acid 3 10 of SEQ ID NO 2. 



7. The DNA of ciaim ; wnerein >aid firs; ammo acid sequence comrrises 
ammo acid 42 ;o ammo acid SS of SEQ ID NO 2. 

S. The DNA of claim ! wnerein said firs; amino ac;o sequence comprises 
amino acid 42 to ammo acid IIS of SEQ ID N0.2 

9. The DNA of claim 1 wherein said first ammo acid sequence comprises 
ammo acid 42 ;o ammo acid ! 59 of SEQ ID NO 2. 
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i : ;ne D\'A cf claim 10 wnerem ^aid sequence are linked -\ ..r..%:! 

12. The DNA of claim i wherein said second amino acid sequence > 
N-terminus or" ^aid first ammo acid sequence 



15 The DNA of claim \ Z therein >aid sequences jre linked b\ a ImKin^ sequence 

14 Tr.e DNA of claim I wherein said second amino acid sequence u cerr.ed rrcm 
a protein ^elected from the group consisting of an amibeds. a cytokine, a c r ow:h factor, a 
differentiation factor, a hormone, an enzyme, a receotor or fragment thereof and a I: sand 

loo The DNA of claim 14 wherein said second ammo acid sequence is demed from 
the sequence of an antibody 

16. The DNA of claim If wherein said second amino acid sequence is demed from 
the Fc portion of an antibody 

1 " Tne DNA of claim ] : wherein sojd second amino acid ^euuence i • a mutation or 
a sequence aenved from an antibody 



18 The DNA of claim 14 wherein said second amino acid sequence i:. denied from 
the sequence of a cytokine. 



19 The DNA or claim 14 therein ^aid >eccr.d ammo ^cid sequence i ; aemed *r^m 
:ne sequence ;f_ grrwtn factor 



The DNA of claim 19 wherein ^aid growth factor is a BMP 



The DNA of claim " comprising the nucleotide sequence of SEQ LD NO } 5 from 
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P-SELECTTN LIGAND PROTEINS 



BACKGROUND OF THE INVENTION 

The present invention relates to the field of anti-inflammatory substances which act bv 
inhibiting leukocyte adhesion to endothelial cells. More particularly, the present invention is 
directed to novel ligands for the mammalian adhesion proteins known as selectins. 

During inflammation leukocytes adhere to the vascular endothelium and enter 
subendotheliai tissue, an interaction which is mediated by specific binding of the seiectin or LEC- 
CAM class of proteins to hgands on target cells. Such seiectin -mediated cellular adhesion also 
occurs ;n thrombotic disorders and parasitic diseases and may oe implicated in metastatic >nreaa 
n tumor cells. 

Tne seiectin proteins are characterized b\ a N-temnnal .ectin-like acmain ,;n ep:aermji 
growth :actor-iike domain, and regions ot homoiog'* to comriemer:: bmdir. ^ on net p. 1 * Thu^ 
three human ^lectin proteins have been identified. E-seiect:n :ormerl\ ELAM-li. L -eiectin 
formerly LAM-1) and P-eie.tm formenv ?-\[)GFM or GMP- ! - < ■ E--.eiec::n ;s .r. i^eo ,.-n 
endothelial ceils several hours after activation h\ jytokmes mejiatmg :r.e caicium-derenaeni 
interaction between neutrophils anc tne endothelium L--e!ectin the : ■. mph^c 'e ^-mm: 
receptor, and P-^e lectin rapidly appears on the ce.I >unace ?u:e:e:s ^ner, :he*. arc jc:;\ atea. 
mediating caicium-dependent adhesion of neutrophils or monocyte^ to platelets P-selec:m ^ also 
found in f .he Weibei-Palade bodies of endothelial cells, upon us reiease fr~m these -.esicles P- 
^electin mediates eariv binding of neutrophils to nistamine-or thrombin-stimuiated endothelium 
Seteetms are believed to mediate adhesion throuen -pecific interactions Aim icand^ 
rresent :n the ^urrace or target cei^ Gen.eraiK the .:cands ^eie^tins are j~mrr.sec; a; leant in 
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pan or a corborn Urate moiet\ For example. E-^e!ect:n bm^s to carochy orates nj\inj :ne terminal 
structure 

NeuAcai 2.3 > Galp( 1 .4) GlcNAc-R 
10 Fuca(l.3) 



and also to carbohydrates having the terminal structure 

15 NeuAca(2,3) GaiP(l,3) GlcNAcP ( 1 , 3 ) - -R 

Fuca (1,4) 

20 

where R =the remainder of the carbohydrate chain. These carbohydrates are known blood group 
antigens and are commonly referred to as sialyl Lewis' and sialyl Lewis', respectively The 
presence of the sialyl Lewis* antigen alone on the surface of an endothelial cell may be sufficient 
to promote binding to an E-selectin expressing cell. E-selecun also binds to carbohydrates having 
25 the terminal structures 



KS0 3 --GaiP (1,4) GlcNAc--R HSO, --GalP ; 1 . 3 G 1 :NAc - - ?. 

and | 

Fuca (1,2) Fuca ; 1 , 4 , 

30 



As with E-selectin. each selectin appears to bind to a range of carbohydrates vMth \arving 
35 affinities. The strength of the selectin mediated adhesive event ( binding affinity i ma\ also depend 
on the density of the carbohydrate and on the density of the selectin on the cell surface 

P-selectin binds to carbohydrates containing the non-sialated form of the Lewis' blood 
group antigen and with higher affinity to sialyl Lewis*. P-selectin may also recognize sulfaudes. 
which are heterogeneous 3-sulfated galactosyl ceramides. isolated from myeloid and tumor cells 
40 by lipid extraction. However. :he binding of cells bearing P-selectin to cells bearing P-selectm 
Iigands is abolished when the iigand-beanns cells are treated wi:h proteases, indicating that the 
P-seiectin iigand may be a glycoprotein 
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Two putative givcoprotein iigands for P-selectin have recentlv been identified, one or 
wmch has been paniuiiy punned, i Moore ei ui . J Ceil Biol JJ_S. 4-i>-45o < 1992)) However, 
neither ammo acid composition nor the ammo acid sequence of these glycoproteins are disclosed 

SUMMARY OF THE INVENTION 

In one embodiment, the present invention provides a composition composing an isolated 
DNA encoding a P-selectin iigand protein, said protein comprising the ammo acid sequence set 
forth m SEQ ID NO: 2 from amino acid 1 to amino acid 402. Also provided is a composition 
comprising an isolated DNA encoding a soluble P-selectin tigand protein, said protein comprising 
the ammo acid sequence set forth in SEQ ID NO. 2 from amino acid 1 to ammo acid 310. The 
invention further provides a composition comprising an isolated DNA encoding a mature P- 
seiectin Iigand protein, said protein comprising the amino acid sequence set forth in SEQ ID NO 2 
from ammo acid 42 to ammo acid 402 In another embodiment, the invention provides a 
composition comprising an isolated DNA encoding a soluble mature P-selectin iisand protein, 
said protein comprising the amino acid sequence set forth in SEQ ID NO:2 from amino acid 42 
to ammo acid 310. In another embodiment, the invention provides a composition comprising an 
isolated DNA encoding a P-selectin Iigand protein, said protein comprising the amino acid 
sequence set forth in SEQ ID NO 4 The invention further provides a composition comprising 
an expression vector comprising any one of the isolated DNAs of the invention, said DNA being 
operably linked to an expression control sequence; a host cell transformed with the expression 
vector containing any one of the DNAs described above, and a process for producing the P- 
selectin Iigand protein, which comprises: 

(ai vjultunng a host cell transformed with an expression \ ector containing anv one 
or the DNAs of the invention in a suitable culture medium: and 

(b) purifying the P-selectin Iigand protein from the culture medium 
In another embodiment, the invention provides a composition comnnsin: a protein 
composing the amino acid sequence set forth ;n SEQ ID NO 2 from amino acid 2! to ammo acid 
402. said protein ceing substantially free from other mammalian proteins The invention further 
comprises a soiuble P-selectin Iigand protein comprising the amino acid sequence set ronh in SEQ 
ID NO:2 from ammo acid 21 to amino acid 310. said protein being substantially free from other 
mammalian proteins. In another embodiment, the invention comprises a P-selectm Iigand protein 
comprising the ammo acid sequence set forth in SEQ ID NO:2 from ammo acid ! to amino acid 
-102. said protein being substantial!;, free from other mammalian proteins The invention also 
provides a composition comprising a mature P->eiectm iojanc roroiem compriMne the amino acid 
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sequence set fonn in SEQ ID NO 2 from jm:no acid 42 :o amino acid 402. ^jd protein bem- 
substantially free rrom other mammalian proteins. Funher provided is a composition comprising 
a soluble mature P-selectin hgand protein comprising the ammo acid sequence set forth m SEQ 
ID NO 2 from ammo acid 42 to amino acid 310. said protein being substantially free from other 
mammalian proteins. In another embodiment, the invention provides a composition comprising 
a protein comprising the amino acid sequence set forth in SEQ ID NO:4 

In yet another embodiment, the invention provides compositions comprising antibodies 
specific for P-selectin ligand proteins. 

In another embodiment, the invention provides a method of identifying an inhibitor of 
P-selectin-mediated intercellular adhesion which comprises: 

(a) combining a P-selectin protein with a P-selectin ligand protein comprising an 
amino acid sequence selected from the group consisting of the ammo acid sequence set forth tn 
SEQ ID NO:2 from amino acid I to ammo acid 402, the amino acid sequence set forth m SEQ 
ID NO:2 from ammo acid 42 to amino acid 402. the ammo acid sequence set forth in SEQ ID 
NO:2 from amino acid 42 to amino acid 310. and the ammo acid sequence set forth in SEQ ID 
NO:4, said combination forming a first binding mixture. 

(b) measunng the amount of binding between the P-selectin protein and the P- 
seiectin ligand protein in the first binding mixture; 

(c) combining a compound with the P-selectin protein and the P-selectin iigand 
protein to form a second binding mixture; 

fd) measuring the amount of binding in the second binding mixture; and 
(e) comparing the amount of binding m the first binding mixture with the amount 
of binding in the second binding mixture; 

wherein the compound is capable of inhibiting P-selectin-mediated intercellular adhesion when 
a decrease in the amount of binding of the second binding mixture occurs. 

In another embodiment, the invention provides a method of identifying an inhibitor or 
E-selectin-mediated intercellular adhesion which comprises 

(a) combining a E-selectin protein with a P-.eiectm ligand protein comprising an 
amino acid sequence selected from the group consisting of the amino acid sequence set fenh in 
SEQ YD NO:2 from amino acid I to ammo acid 402, the amino acid sequence set forth m SEQ 
ID NO:2 from amino acid 42 to amino acid 402. the ammo acid sequence set forth tn SEQ ID 
NO:2 from amino acid 42 to amino acid 310. and the ammo acid sequence set forth in SEQ ID 
NO 4, said combination forming a first binding mixture; 
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(bt mcasunne the amount of binding between the E-^lectm protein and the P- 
-eiectin hgand protein in the first binding mixture. 

<ci combining a compound with the E-selectm protein and the P-seiec:m iieand 
protein to form a second binding mixture, 

<d) measuring the amount of binding in the second binding mixture; and 
(e) comparing the amount of binding in the first binding mixture with the amount 
or binding m the second binding mixture; 

wherein the compound is capable of inhibiting E-selectm-mediated intercellular adhesion when 
a decrease in the amount of binding of the second binding mixture occurs These methods mav 
also be used to iook for L-selectm inhibitors by substituting L-selectm for E-selectin. 

The invention also encompasses processes for producing P-selectin Iigand proteins which 
comprise (ai co-transforming a host cell with a DNA encoding a P-selectin Iieand protein and a 
DNA encoding a fucosyhransferase capable of synthesizing sialyl Lewis X fsLe ( ) or sialyl Lewis 
A fsLe J ) (such as an (a 1. 3/a 1 .4 1 fucosy (transferase or an fa I. 3) fucosy I transferase >. each of said 
DNA. being operabiy linked to an expres Sl on control sequence; <b> cultunng the host cell in 
suitable culture medium; and (c) purifying the P-selectin l.gand protein from the culture medium 
In certain other embodiments, the host cell is also co- trans formed with a DNA encoding a paired 
basic amino acid convening enzyme and/or a DNA encoding a GlcNAc transferase (preferably 
a -core2 transferase"). In preferred embodiments, the P-selectin iigand protein is a full-length or 
soluble form. 

In other embodiments, the present invention includes a P-selectin Iieand protem havmg 
P-selectin i.gand protein activity In preferred embodiments, the Iieand protein i> j protein 
comprising :he sequence from amino acid 42 to amino acid ou of SEQ ID NO 2 .omastin^ 
essentially of the sequence from amino acid 42 to ammo acid 60 of SEQ ID NO 2. comprising 
the sequence from ammo acid 42 to ammo acid 88 of SEQ ID NO: 2. consisting essentiallv of the 
equence from amino ac - 42 :o jmino $S of SEQ ID NO. 2. consisting essential!;, or the 
sequence from amino acid 42 to amino acid II S of SEQ ID NO 2. or consisting essentiallv of the 
sequence from ammo acid 42 to ammo ac;d i S9 or SEQ ID NO 2 In other preferred 
impediments, at least one of :he asparagine residues at positions t>5. 1 1 1 and 292 of SEQ ID NO 
2 have ceen deleted or replaced Certain preferred embodiments of the Iigand protein comprises 
at iexst one of the tvrosine residues at positions 46. 48 and 51 of SEQ ID NO 2. DNA. encoding 
these P-selectin iigand proteins, host cells transformed with such DNA,. process for producing 
protem -> cultunng such host cells, pharmaceutical compositions comprising the proteins, 
methocs of idennfvmc >e!ectir. b.nd.ng inhibitors using the proteins, antibodies to tne proteins 
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^ ar.J meihods or inhibiting >eiecun mediated binding using the proteins are also encempa^ed b\ 
the invention 

In yet other embodiments the invention provides an isolated DNA encoding a 
fusion protein comprising (a) a first amino acid sequence comprising ammo acid 42 to 
amino acid 60 of SEQ ED NO:2, and (b) a second amino acid sequence derived from the 
10 sequence of a protein other than P-selectin Iigand. Preferably, an expression control 
sequence is operably linked to the nucleotide sequence. Host cells transformed with such 
DNAs are also provided. The invention also provides a process for producing a fusion 
protein, which comprises: (a) cukunng the host cell under condition suitable for 
expression of the fusion protein; and (b) purifying the fusion protein from the culture 

15 medium. Fusion proteins produced according to such process are also provide. 

In certain preferred embodiments, the first amino acid sequence of such fusion 
protein comprises ammo acid 42 to amino acid 402 of SEQ ED NO:2. amino acid 42 to 
amino acid 310 of SEQ ID NO:2, amino acid 42 to amino acid 88 of SEQ ED NO:2. 
amino acid 42 to amino acid I 18 of SEQ ED NO:2, or amino acid 42 to ammo acid 189 

20 of SEQ ED NO:2. 

In other preferred embodiments, the DNA comprises the nucleotide sequence of 
SEQ ED NO:35 from nucleotide 123 to nucleotide 939. the nucleotide sequence of SEQ 
ID NO:35. the nucleotide sequence of SEQ ED NO:37 from nucleotide 123 to nucleotide 
807, the nucleotide sequence of SEQ ED NO:37. the nucleotide sequence of SEQ ED 

25 NO. 39 from nucleotide 123 to nucleotide 1311. the nucleotide sequence of SEQ ID 
NO:39. the nucleotide sequence of SEQ ID NO:41 from nucleotide 123 to nucleotide 
792, or the nucleotide sequence of SEQ ED NO:4 1 . 

The present invention also provides a fusion protein comprising tut a first arruno 
acid sequence comprising amino acid 42 to ammo acid 60 of SEQ ED NO 2. and ibi a 

30 second arruno acid sequence derived from the sequence of a protein other than P-seiectin 
hgand. Preferably, the first amino acid sequence comprises amino acid 42 to amino acid 
402 of SEQ ED NO:2. ammo acid sequence comprises amino acid 42 to amino acid 310 
of SEQ ED NO:2, amino acid 42 to amino acid 88 of SEQ ED NO:2. amino acid 42 to 
amino acid 1 18 of SEQ ID NO:2, or amino acid 42 to amino acid 189 of SEQ ID NO:2. 

35 In certain particularly preferred embodiments, the fusion protein comprises the 

amino acid sequence of SEQ ID NO:36 from ammo acid 42 to ammo ac;d 3:3. the 
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amino acid sequence of SEQ ID NO:36. the amino acid sequence of SEQ ID NO 38 
from amino acid 42 to amino acid 269. the amino acid sequence of SEQ ID N03S the 
amino acid sequence of SEQ ID \O:40 from amino acid 42 to amino acid 437. the 
ammo acid sequence of SEQ ID NO:40. the amino acid sequence of SEQ ID NO:42 
from amino acid 42 to amino acid 264, or the amino acid sequence of SEQ ID NO:42. 

In other preferred embodiments, the second amino acid sequence is linked to the 
C-terminus or the N-terrmnus of the first amino acid sequence, with or without being 
linked by a linking sequence. 

In yet other embodiments, the second amino acid sequence is derived from a 

protein selected from the group consisting of an antibody, a cytokine, a growth factor, a 

differentiation factor, a hormone, an enzyme, a receptor or fragment thereof and a lisand. 

Preferably, the second amino acid sequence is derived from the sequence of an antibody. 

trom the Fc portion of an antibody, or is a mutation of a sequence derived from an 

antibody. 

In yet further embodiments, the present invention provides for a composition 
comprising (a) a first peptide comprising amino acid 42 to amino acid 60 of SEQ ID 
NO:2, and (b) a second peptide derived from the sequence of a protein other than P- 
selectm ligand, wherein the first peptide and the second peptide are chemically linked bv 
a moiety other than a peptide bond. Any P-selectin ligand protein of the invention can 
be used in such a composition. 

BRIEF DESCRIPTION OF THE FTGI.'RFS 

Fig. 1 is a graph comcanng the binding of P-seiectm ligand proteins expressed witn and 
without core2. 

Fig. 2 :s an autoradiograpn of immunoprecipnations of P- selectm iigand protein expressed 
with and without core2. 

Fig. 3 depicts the results of How cytometry analysis or the binding of P -^lectin heand 
protein (expressed w,th and without core2> to Prelect. n, IgG chimera iLEC-y; ■ 3n o ami-P- 
selecun ligand protein monoclonal antibody (MAb 2"5>. 

Fig. 4 is an autoradiograph of proteins, including P-selectin ligand protein, which hound 
to P- and E-seiecun/IgG chimeras. 

Fig. 5 is a schematic representation of structural features of the full leneth P-electin 
ligand protein of SEQ ID NO 2 
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Fig 0 is a schematic representation of severai P-eiecim ligand protein fraament> 
constructed for [he purpose of examining the roie of N-liniced glycosylation sites in bindms of the 
P-selectin Itgand proteins to seiectins. 

Fig. 7 depicts the results of experiments to determine the roie of N'-Iinked elvcosylation 
sues in binding of the P-selectm ligand proteins to seiectins. 

Fig. 8 is a schematic representation of several P-selectm ligand protein fragments 
constructed for the purpose of examining the role of sulfated tyrosine residues m bindme of the 
P-selectin ligand proteins to seiectins. 

Figs. 9-1 1 depicts the results of experiments to determine the role of sulfated tyrosine 
residues in binding of the P-selectm hgand proteins to seiectins. 
15 Fi S- 12 is a schematic representation of several P-seiectin ligand protein fragments 

constructed for the purpose of examining the effects of various deletions on the binding of the P- 
selectin ligand proteins to seiectins. 

Fig. 1 3 is a schematic depiction of the quantitative plate binding assay of Example 4(c ) 
Figs. 14-17 depict the results of experiments comparing the binding of various deleted 
20 and altered P-seiectin ligand proteins to seiectins. 

Fig. 18 is a schematic representation of several P-selectm ligand protein fragments 
constructed for the purpose of examining the effects of alteration of tyrosine residues in the 
anionic region of the P-seiectin ligand proteins on selectm binding. 

Figs. 19-21 depict the results of experiments comparing the binding of various deleted 
25 and altered P-selectin ligand proteins to seiectins. 

Fig. 22 depicts a proposed model for binding of P-selectm iigand proteins to P- and E- 

selectm. 

Figs. 23 and 24 depict the results of experiments comparing the binding of various deleted 
and altered P-selectin ligand proteins to seiectins. 

30 Some of tne foregoing figures employ a convention tor numbering amino acids wnhin 

the depicted constructs which is different that the residue numbering employed in SEQ ID NO: 2 
In the figures, residues are numbered using the first ammo acid of soluble manure P-seieciin ligand 
as a starting point. Hence, the residue numbers used in the figures are 41 less than those of SEQ 
ID NO:2. For example, residue 19 in the figures corresponds to residue 60 in SEQ ID NO:2. 

35 Fi S- 25 1S an analysis of the expression products of CHO cells, already expressing 3/4 

fucosy [transferase and Core2 transferase, which were transfected with psPSL.TT. ATM. 13 16 or 
psPSL.QC and amplified using methotrexate Conditioned media was either anaivzed directlv or 
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r.rst precipuaied w, th LEC-yl and men analvzed by SDS-PAGE under non-reducm ? and 
reducing conditions 

Fig. 26. SDS-PAGE separation or myeloid cell membrane proteins affinity captured by 
P-and E-select.n Membrane lysates were prepared from L937 cells metabol.call v labeled w, m 
'H-glucosamine and subjected to affinity precipitation with immobilized P-and E-selectin and 
control human IgG,. Eluted proteins were treated with ( "reduced") or without ( -non-reduced") 
DTT pnor to gel electrophore.s.s. Lanes: 1. affinity capture by human IgG,. 2. affinity capture 
by P-selectm: 3. affinity capture by E-selectin. 

Fig 27 Sequential affinity capture experiments. 'H-labeled U937 lysate species were 
affin.ty captured by P-or E-select.n. eluted. and then subjected to immunoprecipitation w„h 
ant.-PSGL-l antiserum Rb3443 Lanes: I and 2. control immunoprecip.tat.ons of fresh myeloid 
cell membrane lysates using pre-immune rabbit serum i lane I) and Rb3443 , lane 2i. 
.mmunoprec.pitation with Rb3443 of myeio.d cell membrane lysates previously affinity captured 
and eluted from P-selectin (lane 3). E-selectin (lane 4). and human IgG, (lane 5) 

Fig. 2S Comparison of CD43 and PSGL-1 content of mvelo.d cell membrane extracts 
Labeled U937 cell extracts were immunoprecipuated with anti-PSGL-I rabbit polyclonal antibody 
Rb3443 or an ami-CD43 mouse MAb and then subjected to SDS-PAGE/autoradiography Lanes: 
1. immunoprecipitation with control pre-.mmune rabb.t serum: 2. immunoprecipitation with 
Rb3443: 3. immunoprecipitation with control isotype-matched mouse antibody: 4. 
immunoprecipitation with anti-CD43 antibody. 

Fig. 29 COS transfect.on experiments. COS M6 cells transfected with plasmids 
encoding PSGL-1 or CD43 as well as Fuc-TIII or Fuc-TVII were metabohcailv labe.ed w„h 
"S-merhion.ne. and membranes were prepared for affinity capture experiments as described in 
Materials and Methods. The cDNAs employed m the transections are mcicatea arnr.e tne .anes 
Precipitations were performed using (A) E-selectin. iB> P-selectm. and .O anu-PSGL- 1 antiserum 
Rb3443 and anti-CD43 MAb. 

Fig 30 summarizes the results of screening of various P-eiec:nt heand .- ..-ir. tor 
inhibition of P- and E-selectin binding i see Example I < i 

DETAILED PFSCRIPTION OFTHF IWFNTION 

The present inventors have for the first time identified and isolated a novel DN A which 
encodes a protein which acts as a ligand for P-selectin on human endothelial cells and platelets 
The sequence of the DNA ,s set fonh m SEQ ID NO I The complete ammo acd sequence of 
the P-,eiect:n ligand protem (i.e.. the mature pept.de plus the leader sequence, is characterized bv 
:he amino acd sequence set fonn m SEQ ID NO 2 from ammo acd ! , s , amino acid 402 
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Hydrophobicity analysis and comparison with known cleavage patterns predict a ^isnai sequence 
of 20 to 22 ammo acids, i.e.. amino acids I to 20 or amino acids I to 22 of SEQ ID NO:2. The 
P-seiectin ligand protein contains a PACE (paired basic amino acid convening enzyme) cleavage 
stie(-Arg-Asp-Arg-Arg-) at amino acids 38-41 of SEQ ID NO:2. The mature P-seiectin ligand 
protein of the present invention is characterized by the ammo acid sequence set forth in SEQ ID 
NO:2 from amino acid 42 to ammo acid 402. A soluble form of the P-selectin heand protein is 
characterized by containing amino acids 21 to 3 10 of SEQ ID NO:2. Another soluble form or the 
manure P-seiectin ligand protein is characterized by the amino acid sequence set forth m SEQ ID 
NO:2 from amino acid 42 to ammo acid 310. The soluble form of the P-selectin lisand protein 
is further characterized by being soluble in aqueous solution at room temperature Of course, the 
corresponding DNA sequences as set forth in SEQ ID NO: I encoding these proteins are also 
included in the subject invention. 

The P-selecun iigand of the invention is a glycoprotein which may contain one or more 
of the following terminal carbohydrates: 



NeuAcoc(2,3) Gal (3(1,4) GlcNAc-R 

!a(l, 3 ) 
Fuc 



NeuAca(2,3) Gal P(l,3) GlcNAc-R 

la { 1 , 4 ) 
Fuc 



ial p f 1 , 4 i G 1 c.NAc - F. 

ict ( 1 . 3 ) 



2a 1 P ( 1 , : , GlcNAc-I 



a ; i , 4 



where R= the remainder of the carbohydrate chain, which is covalently attached either directly 
to the P-selecun ligand protein or to a lipid moiety which is covalently attached to the P-selectin 
iigand protein. The P-selectin ligand glycoprotein of the invention may additionally roe sulfated 
cr otherwise post-transiauonally modified A* expressed in COS and CHO ceils, full lengtn P- 
^ieain liganc protein (ammo acids ! to 402 of SEQ ID NO 2 or amino acids 41 t0 402 of SEQ 
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ID N'O 2 ) is a homodimenc protein having an apparent molecular of 220 kD as shown ^ non- 
reducing SDS-poiyacrylamide gel electrophoresis 

The structure of the full-length P-selectm hgand protein is schematically represented in 
Fig 5 Three regions of the P-selectin hgand protein of SEQ ID NO: 2 are: an exrracelluiar 
domain ( from about ammo acid 21 to 3 10 of SEQ ID NO:2). a transmembrane domain (from 
about amino acid 3 1 I to 332 of SEQ ID NO:2), and an intracellular, cytoplasmic domain < from 
about amino acid 333 to 402 of SEQ ID NO:2). The extracellular domain contains three 
consensus tnpeptide sues ( Asn-X-Ser/Thr) of potential N-linked glycosylate beginnins at Asn 
residues 65. 1 1 1 . and 292. The extracellular domain funher contains three potential sites or 
tvrosme sulfation at residues 46. 48. and 5 I The region comprised of residues 55-267 contains 
a high percentage of proline, serine, and threonine including a subdomain of fifteen decamenc 
repeats of the ten amino acid consensus sequence Ala-Thr/Met-Glu-Ala-Gln-Thr-Thr-X-Pro/Leu- 
Ala/Thr. wherein X can be either Pro. Ala. Gin, Glu. or Arg Regions such as these are 
characteristic of highly O-glycosylated proteins. 

COS or CHO ceils co- trans fected with a gene encoding the P-selectin hgand protein and 
a gene encoding fucosyl transferase thereinafter FT), preferably an <ctl.3/al,4) fucosyltransf erase 
( M 3/4FT"). are capable of binding to CHO cells expressing P-selectm on their surface, but are not 
capable of binding to CHO cells which do not express P-selectin on their surface. In order to bind 
to P-selectin. either in purified form or expressed on the surface of CHO ceils, the gene encoding 
the P-selectin hgand protein must be co-transfected with the gene encoding an FT. since 
transfection of either gene in the absence of the other either abolishes or substantially reduces the 
P-selecun binding activity. The binding of the P-selectin hgand protein of the invention to P- 
selectin can be inhibited by EDTA or by a neutralizing monoclonal antibody specific for P 
seiectm. The binding of the P-selecun iigand protein of the invention to P-selectin is not inhibited 
by a non-neutralizing monocionaJ antibody specific for P-selectin or by an isotype control These 
results characterize the binding specificity of the P-selectin hgand protein of the invention 

For the purposes of the present invention, a protein is defined as having "P-selectm I: sand 
protein activity"', i.e . variably referred to herein as a "P-selectin hgand protein ", or as a P -seiectin 
hgand glycoprotein ' or simply as a 'P-selectm Iigand". when it binds in a calcium-dependent 
manner to P-selectin which is present on the surface of cells as in the CHO-P-seiectm binding 
assav of Example 4. or to P-selectin which is affixed to another surface, for example, as the 
chimeric P-selectin-IgGy 1 protein of Example 4 ts affixed to Pern dishes. 

The glycosy tation state or the P-selectm :igand protein of the invention was studied usin^: 
a chimenc. .oiuble form or" :he P-se!ec:m iigand protein, described tn derail :n Example ^ C ■ and 
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5 designated sPSL.T" The sPSL.TT protein produced from COS cells co-transfected with _V4FT 
is extensively modified by post-translational glycosy lation. as described in detail in Example 6(C) 
Thus, it is believed that both N- and O-linked oligosaccharide chains, at least some of which are 
siaiated. are present on the P-selecun ligand protein of the invention. 

The P-selectin ligand protein of the invention may also bind to E-selectm and L-selectin. 

10 Conditioned medium from COS ceils which have been co-transfected with the DNA encoding 
sPSL.T7 or P-selecun Iigand-Ig fusions and with the DNA encoding 3/4FT. when coated on wells 
of plastic microtiter plates, causes CHO cells which express E-selectin to bind to the plates; 
however CHO cells which do not express E-selectin do not bind to such plates. The binding of 
CHO cells which express E-selectin to microtiter plates coated with conditioned medium from 

15 COS cells which have been co-transfected with the DNA encoding sPSL.TT and with the DNA 
encoding 3/4FT is abolished in the presence of EDTA or of a neutralizing antibody specific for 
E-selectin. Conditioned medium from COS cells transfected only with the sPSL.TT DNA does 
not cause binding of CHO cells which express E-selectin when coated on wells of microtiter 
plates. For these reasons, the P-selecun ligand protein of the invention is believed to be useful 

20 as an inhibitor of E-selectin-mediated intercellular adhesion in addition to P-selectin-mediated 
intercellular adhesion. 

Antibodies raised against COS-produced soluble P-selectin ligand protein are 
immunoreactive with the major HL-60 glycoprotein that specifically binds P-selectin as 
determined by affinity capture using an immobilized Fc chimera of P-selecun. U937 cells bear 

25 a similar immunoreactive glycoprotein ligand. Thus, a single glycoprotein species is observed 
upon EDTA elution of immobilized P-selectin previously incubated with detergent extracts of 'H- 
glucosamine labeled U937 cells. This major species exhibits an apparent molecular weisht bv 
SDS-PAGE of 220 kD under non-reducing conditions and 100 kD under reducing conditions 
As with the comparable species isolated from HL-60 cells, this U937 ligand is immunoreactive 

30 with a polyclonal antibody raised against COS recombinant P-selectin ligand protein. In addition, 
affinity capture of E-selectin ligands from U937 ceil and cell membrane preparations, usine an 
immobilized Fc chimera of E-selectin. yield a single major species with identical mass and 
eiectrophoretic behavior as the major U937 P-selectin ligand. Thus. E- and P-seiectin recoenize 
the same major glycoprotein ligand in U937 cells, a glycoprotein ligand immunoreactive with an 

35 anu-P-selectin ligand protein anubody and possessing the same apparent mass and eiectrophoretic 
behavior as full length, recombinant P-selecun ligand protein. 

Fragments of the P-selectin ligand protetn which are capable of mteractme with P-selecun 
or which are capaole of inhibiting P-se!ectin-mediated intercellular adhesion arc also encompassed 
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r>v the present invention Such fragments comprise amino acids 2! to 54 of SEQ ID NO 2. a 
region of the P-selectm iigand protein having a low frequency of senne and threonine residues, 
amino acids 55 to J 27 of SEQ ID NO:2. having a high frequency of proline, senne, and threonine 
in addition to two consensus sequences for asparagine-linked glycosylation ( Asn-X-Ser/Thr). 
another larger fragment, amino acids 128 to 267 of SEQ ID NO:2. having both a hish frequency 
of proline, senne. and threonine and containing fifteen repeats of the following ten amino acid 
consensus sequence: Ala4Thr/Met)-Glu-Ala-Gln-Thr-Thr-(Pro/Arg/Gln/A]a/Clu h Leu/Pro 
( Ala/Thr) (smaller fragments within this large fragment may also retain the capacity to interact 
with P-selectin or act as inhibitors of P-selectin-mediated intercellular adhesion), the resion 
containing a consensus sequence for asparagine-linked glycosylation and comprising ammo acids 
268 to 308 of SEQ ID NO: 2; the hydrophobic region of the protein represented by amino acids 
309 to 333 of SEQ ID NO;2, and the amphophilic region of the P-setectm ligand protein from 
amino acids 334 to 402 of SEQ ID NO:2. Additional fragments may comprise ammo acid 43 to 
ammo acid 56 of SEQ ID NO:2 or amino acid 42 to amino acid 60 of SEQ ID NO:2. with one or 
more sulfated or phosphorylated (Domcheck eraL. Biochemistry J/:9865-9870 < 1992)) tyrosines 
at ammo acid 46, amino acid 48, and/or amino acid 5 1 . Fragments of the P-selectin ligand protein 
may be m linear form or they may be cyclized using known methods, for example, as described 
in H.U. Saragovi. et al.. Biotechnology JO, 773-778 (1992) and in R.S. McDowell, et aL, J 
Amer. Chem. Soc. JJ4, 9245-9253 ( 1 992). both of which are incorporated herein by reference. 
For the purposes of the present invention, all references to "P-sefectin ligand protein ' herein 
include fragments capable of binding to P-selectin. 

Such fragments may be fused to earner molecules such as immunoglobulins, to increase 
the valency of P-selectin iigand binding sites. For example, soluble forms or the P-seiectin lisana 
protein such as the fragments from amino acid 42 to amino acid 295 or from amino acid 42 to 
ammo acid 88 of SEQ ID NO:2 may be fused through "linker" sequences to the Fc portion or an 
immunoglobulin (native sequence or mutated sequences for confers re desirable qualities i-.ucn 
as longer half-life or reduced immunogenicay ) to the resulting chimera) For a bivalent form of 
the P-selectin ligand protein, such a fusion could be to the Fc portion of an IaG molecule as in 
Example 5(D) and in SEQ ID NO:b. Other immunogloDulin isotvpes may also be usee to 
generate such fusions. For example, a P-selectin Iigand protein - IgM fusion would generate a 
decavaiem form of the P-selectin Iigand protein of the invention. 

Fusions of any of the P-seiecnn ligand proteins of the present invention to ammo acid 
sequences derived from other proteins may also be constructed Preferred P-seiectin iigand 
proteins :or such purpose include the fragments from ammo acid -2 to amino acid 295 cr from 
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ammo acid 42 to amino acid SS of 5EQ ID NO 2 Desirable fusion protein^ mav incorporate 
amino acid sequence from proteins having a biological activity different from that of P-selectin 
ligand. such as, for example, cytokines, growth and differentiation factors (such as bone 
morphogenetic proteins (e.g.. BMPs). hormones, enzymes, receptor components or fragments and 
other Iigands. Also. P-selectin ligand protein can be chemically coupled to other proteins or 
pharmaceutical agents. In such usage, the P-selectin iigand protein, by virtue of the abiht to 
interact with seiectin molecules, alters the pharmacokinetics and/or biodistribution of the fused 
or coupled agent thereby enhancing its therapeutic efficacy. For example, fusion of a P-selectin 
ligand protein sequence to a cytokine sequence can direct the cytokine's activity to an area of 
inflammation. In such instance, the P-selectin ligand protein protion of the fusion protein will 
bind to selectins expressed at the site of inflammation. This bindi ng will cause the cytokine 
portion of the fusion protein to become localized and available to bind its cognate receptor or any 
proximal ceil surface. Other Iigands could similarly be used in such fusions proteins to attract 
cells expressing their corresponding receptors to a site of P-selectin expression. Preferred 
examples of such fusions are described in Example 1 5. 

In any fusion protein incorporating a P-selectin ligand protein, the ammo acid sequence 
derived from a protein or proteins other than P-seiectin ligand can be linked to either the C- 
terminus or N-termmus of the P-selectin ligand-denved sequence. The linkage may be direct (i.e., 
without an intervening linking sequence not derived from etther protein) or through a linking 
sequence. 

Methods of treating a mammalian subject using such fusion proteins are also 
contemplated by the present invention. In such instances, the fusion protein is used to treat a 
condition which is affected by the protein to which the P-selectin ligand protein is fused. For 
exaampie. a fusion of a P-selectin ligand protein to IL-I I could be used to localize the activuv of 
EL-1 1 to bone marrow endothelial cells which express selectins on their surface. Once localized, 
the IL-1 1 portion of the fusion protein will stimulate megakaryocyte progenitors Similarly, a 
fusion of a P-seiectm ligand protein to a BMP could be used to stimulate bone or cartilage 
Tormation in an area of injury. Injured tissues express P-selectin, which will bind the fusion 
protein. Once localized, the BMP portion of the fusion protein will stimulate bone or cartilage 
production in the area of injury. 

As detailed in the Examples below, the P-seiectin ligand protein of the invention was 
initially obtained using an expression cloning approach (Clark ei al. % U.S. 4.675.235) A cDNA 
library was constructed from the human promyelocyte cell line HL-60(SJ Collins, et at. . Nature 
2Z0. 347-349 (1977 ATCC No. CCL 240k This library was coiransfected into COS cells with 
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a DNA e.ncodmg a J/4FT. and the coiransleciants were screened tor binding to a chimeric 
molecule consisting of the extracellular portion of P-seiectm and the Fc pon.on of a human IgGv i 
monoclonal antibodv. Cotransfectants which bound to the chimenc P-selectm were enriched for 
cDNAs encoding [he P-selectin ligand protein. Thts screening process was repeated several t.mes 
to ennch the plasmid population further forcDNAs encoding the P-selectm ligand protein. In a 
second cloning stage, the ennched plasmid population was again cotransfected into COS cells 
with the 3/4FT gene and screened for binding to a fluorescently labeled CHO cell line which 
expressed P-select.n on the cell surface. A single cDNA clone was obtained from this approach 
and was des.gnaied pMT21 PL85. The pMT2l PL85 plasm.d was deposited with the American 
Tvpe Culture Collection on October 16. 1992 and given the accession number ATCC 69096 

One novel DNA of the present invention is set forth in SEQ ID NO: I . The DNA of the 
present invent.on may encode a variety of forms of the P-selectin ligand protein. For example, 
in one embodiment, the DNA of the invention encodes the enure P-selectin ligand protein hav, n2 
the amino acid sequence set forth in SEQ ID NO:2 from ammo acid 1 to ammo acid 402 In 
another embodiment, the DNA of the invention encodes a form of the P-seiect.n ligand protein 
which lacks the signal sequence and which is characterized by the amino acid sequence set forth 
in SEQ ID NO:2 from amino acid 21 to amino acid 402. In yet another embodiment, the DNA 
of the invention encodes the mature P-select.n ligand protein characterized by the amino acid 
sequence set forth m SEQ ID NO:2 from ammo acid 42 to amino acid 402. Another embodiment 
oi the DNA of the invention encodes a soluble form of the P-selectin ligand protein charactenzed 
oy the amino acid sequence set forth m SEQ ID NO:2 from ammo acid I to amino acid 310 The 
DNA of the invention is also embodied in a DNA encoding a soluble form of the mature P- 
<eiectm ligand protein, said protein being charactenzed by the amino acid sequence set forth in 
SEQ ID NO:2 from amino acid 42 to amino acd 310 The DNA of the invention is further 
embodied in a DNA sequence encoding a soluble form of the P-seiectin lieand protein which 
• u.ks the signal sequence, said protein being charactenzed by the amino acid sequence set forth 
m SEQ ID NO:2 from amino acid 21 to amino acid 310 The DNA of the present invention ,s tree 
:rom association with other human DNAs and is thus charactenzed as an isolated DNA .v 
detailed above. DNAs which encode P-selectm ligand fragments which interact with P-.eieam 
are also included in the present invention. 

The expression of P-seiect.n ligand protein mRNA transenpts has been observed m a 
variety of human cell lines ,HL-60. THP-1. U937) and ,n human monocytes and 
noiymorphonuclear leukocytes by Northern analysis using a P-selectm ligand protein c D N A 
probe In all of these ceil lines, a major transenpt of 2.5 kb was observed A minor species of 
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approximately 4 kb was observed m the HL60 and L'93" 7 ceil ime^ and in polymorphonuclear 
leukocytes. In contrast, no P-selecnn ligand mRNA expression was detected m the human 
hepatoblastoma cell line HepG2. 

The P-selectin ligand protein of the invention is encoded by a single copy gene and is not 
pan of a multi-gene family, as determined by Southern blot analysis. The genomic form of the 
P-selectin ligand protein of the invention contains a large intron of approximately 9 kb located 
at nucleotide 54 in the 5' untranslated region. In polymorphonuclear leukocytes and monocytes, 
the P-selectin ligand protein of the invention is encoded by the DNA sequence set forth m SEQ 
ID NO:3 In this embodiment, the P-seiectin ligand protein contains sixteen repeat regions The 
isolated DNA of the invention is correspondingly also embodied in the DNA sequence set forth 
1 5 in SEQ LD NO:3 and is contained on piasmid pPL85R16 which was deposited with the American 
Type Culture Collection on October 22, 1993 and given the Accession Number ATCC 75577. 

The invention also encompasses allelic variations of the isolated DNA as set forth in SEQ 
ID NO: I or of the isolated DNA as set forth in SEQ ID NO 3, that is. naturally-occumng 
alternative forms of the isolated DNA of SEQ ID NO: I or SEQ ID NO. 3 which also encode 
20 proteins having P-selectin ligand activity. Also included in the invention are isolated DNAs 
which hybridize to the DNA set forth in SEQ ID NO: 1 or to the DNA set forth in SEQ ID NO:3 
under stringent (e.g. 4xSSC at 65°C or 50% formamide and 4xSSC at 42°C), or relaxed (4xSSC 
at 50°C or 30-40% formamide at 42°C) conditions, and which have P-selectin ligand protein 
activity Isolated DNA sequences which encode the P-selectm ligand protein but which differ 
25 from the DNA set forth in SEQ ID NO: 1 or from the DNA set forth in SEQ ID NO:3 bv virtue 
of the degeneracy of the genetic code and which have P-selectm ligand protein activity are also 
encompassed by the present invention. Variations in the DNA as set forth in SEQ ID NO 1 or in 
the DNA as set forth in SEQ ID NO:3 which are caused by point mutations or by induced 
modifications which enhance the P-selectin ligand activity, half-life or production level are also 
30 included m the invention. For the purposes of the present invention all references herein to the 
"DNA of SEQ ID NO: i " include, in addition to DNAs comprising the specific DNA sequence 
set forth in SEQ CD NO: 1. DNAs encoding the mature P-selectm ligand protein of SEQ ID NO:2. 
DNAs encoding fragments of the P-selectin ligand protein of SEQ ID NO:2 which are capable 
of binding to P-selectin; DNAs encoding soluble forms of the P-selectin ligand protein of SEQ 
35 ID NO 2. allelic variations of the DNA sequence of SEQ ID NO I . DNAs which hybridize to the 
DNA sequence of SEQ ID NO: I and which encode proteins having P-selectm lieand protein 
activity. DNAs which differ from the DNA of SEQ ID NO 1 bv virtue of degeneracv cf the 
genetic ccce. and the variations of the DNA sequence of SEQ ID NO ! set forth above Similarlv. 
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aJI references to the 'DNA of SEQ ID NO .V include m addition to the specific sequence set forth 
in SEQ ID NO:3. DN As encoding the mature P-^electin ligand protetn of SEQ ID NO 4. DNA, 
encoding fragments of the P-selectin ligand protein of SEQ ID NO:4 which are capable of binding 
to P-select.n: DNAs encoding soluble forms of the P-selectin hgand protein of SEQ ID NO 4. 
allelic variations of the DNA of SEQ ID NO:3; DNAs which hybndize to the DNA sequence of 
SEQ ID NO:3 and which encode proteins hav.ng P-selectin ligand protein activity: DNAs which 
differ from the DNA of SEQ ID NO:3 by virtue of degeneracy of the genetic code, and the 
variations of the DNA of SEQ ID NO:3 set forth above. 

A DNA encoding a soluble form of the P-selectin ligand protein may be prepared by 
expression of a modified DNA in which the regions encoding the transmembrane and cytoplasmic 
domains of the P-selectin ligand protein are deleted and/or a stop codon is introduced 3' to the 
codon for the amino acid at the carboxy terminus of the extracellular domain. For example, 
hydrophobicity analysis predicts that the P-selectin ligand protein set forth in SEQ ID NO:2 has 
a transmembrane domain comprised of ammo acids 311 to 332 of SEQ ID NO 2 and a 
cytoplasmic domain comprised of amino acids 333 to 402 of SEQ ID NO:2. A modified DNA 
as described above may be made by standard molecular biology techniques, including site- 
directed mutagenes.s methods which are known in the an or by the polymerase chain reaction 
using appropriate oligonucleotide pnmers. Methods for producing several DNAs encoding 
various soluble P-selectin ligand proteins are set forth in Example 5. 

A DNA encoding other fragments and altered forms of P-selectm ligand protein may be 
prepared by expression of modified DNAs in which portions of the full-length sequence have 
been deleted or altered. Substantial deletions of the P-seiectin hgand protem sequence can be 
made while retaining P-selectin ligand protein activity For example. P-selectm heard proteins 
comprising tne sequence from ammo acid 42 to amino acid 1 39 of SEQ ID NO 2. the sequence 
from amino acid 42 to amino acid I IS of SEQ ID NO 2. or the sequence from amino acid 42 to 
ammo acid 89 of SEQ ID NO: 2 each retain the P-selectm protem binding activity and the ao.litv 
to bind to E-selectm. P-selecun ligand proteins m which one or more N-lmked givcosvlation sues 
i such as those at amino acids 65. I I I and 292 of SEQ ID NO 2, nave been changed 10 other 
ammo acids or deleted also retain P-select.n protein binding activity and the ability to bind E- 
selectin. P-selectin ligand proteins comprising from ammo acid 42 to amino acid 60 of SEQ ID 
NO:2 . which includes a highly anionic region of the protem from amino acid 45 to amino acid 
58 of SEQ ID NO:2) also retain P-selectin hgand protem activity, however. P-selectin liaand 
proteins limited to such sequence do not bind to E-selectin Preferably, a P-seiectin ligand protein 
retains at .east one i more preferably at least two and most preferably all three) of the tyrosine 
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residues found at amino acid* 46. 4S and 5 1 of SEQ ID NO 2. sulfation of which mav contribute 
to P-seiectm iigand protein activity Construction of DNAs encoding these and other active 
fragments or altered forms of P-selectin Iigand protein may be accomplished in accordance with 
methods known to those skilled in the an. 

The isolated DNA of the invention may be operably linked to an expression control 
sequence such as the pMT2 or pED expression vectors disclosed in Kaufman er ai. Nucleic Acids 
Res. 19, 4485-4490 (1991). in order to produce the P-selectin Iigand recombinants. Manv 
suitable expression control sequences are known in the an. General methods of expressing 
recombinant proteins are also known and are exemplified in R Kaufman. Methods in 
Enzymology J_85, 537-566 ( 1990). As defined herein 'operably linked" means enzymatically or 
1 5- chemically Itgated to form a covalent bond between the isolated DNA of the invention and the 
expression control sequence, in such a way that the P-selectin iigand protein is expressed bv a host 
cell which has been transformed (transfected) with the Iigated DNA/expression control sequence. 

Several endoproteolytic enzymes are known which cleave precursor peptides at the 
carboxyl side of paired amino acid sequences (e.g.. -Lys-Arg- and -Arg-Arg-) to yield mature 
20 proteins. Such enzymes are generally known as paired basic amino acid convening enzymes or 
PACE, and their use in recombinant production of mature peptides is extensively disclosed in WO 
92/09698 and U.S. Application Serial No. 07/885,972. both of which are incorporated herein by 
reference. The PACE family of enzymes are known to increase the efficiency of proteolytic 
processing of precursor polypeptides in recombinant host cells. As mentioned above, the P- 
25 seiectin Iigand protein of the invention contains such a PACE cleavage sue. 

The soluble mature P-selectin Iigand protein of the present invention may be made by a 
host cell which contains a DNA sequence encoding any soluble P-seiectin Iigand protein as 
described herein and a DNA sequence encoding PACE as described in WO 92/09698 and U.S. 
Application Serial No. 07/885.972. incorporated herein by reference, or usine the DNA sequence 
30 of SEQ ID NO:5 Such a host cell mav contain the DNAs as the result of co-transformation or 
sequential transformation of separate expression vectors containing the soluble P-selectin lisand 
protein DNA and the PACE DNA. respectively A third DNA which encodes a 3MFT may also 
be co-transformed with the DNAs encoding the P-selectin Iigand protein and PACE. 
Alternatively, the host ceil may contain the DNAs as the result of transformation of a single 
35 expression vector containing both soluble P-selectin Iigand protein DNA and PACE DNA 
Construction of such expression vectors is within the level of ordinary skall in molecular biology 
Methods for co-transformation and transformation are also known 
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Manv DNA sequences encoding PACE are known For example, a DNA encoding one 
form or" PACE, known as funn. :s disclosed in A M W van den Ouweland er aL, Nuci. Acids Res 
J_S. 664 (1990). incorporated herein by reference. A cDNA encoding a soluble form of PACE, 
known as PACESOL. is set forth in SEQ ID NO 5 DNAs encoding other forms of PACE also 
exist, and any such PACE-encodmg DNA may be used to produce the soluble mature P-seiectin 
iigand protein of the invention, so long as the PACE is capable of cleaving the P-selectin hgand 
protein at amino acids 38-41. Preferably, a DNA encoding a soluble form of PACE is used to 
produce the soluble mature P-selectin Iigand protein of the present invention. 

The DNAs encoding a soluble form of the P-selectin iigand protein and PACE, separately 
or together, may be operably linked to an expression control sequence such as those contained in 
the pMTZ or pED expression vectors discussed above, in order to produce the PACE-cieaved 
soluble P-selectm Iigand recombmantiy. Additional suitable expression control sequences are 
known m the an. Examples 3(C) and 3(D) below set forth methods for producing the soluble 
mature P-selectin Iigand protein of the invention. 

A number of types of cells may act as suitable host cells for expression of the P-seiectin 
Iigand protein. Suitable host cells are capable of attaching carbohydrate side chains characteristic 
of functional P-seJectin Iigand protein. Such capability may anse by virtue of the presence of a 
suitable glycosylating enzyme within the host cell, whether naturally occurring, induced by 
chemicai mutagenesis, or through transfection of the host cell with a suitable expression plasmid 
containing a DNA sequence encoding the glycosylating enzyme. Host cells include, for example, 
monkey COS ceiis. Chinese Hamster Ovary (CHO) cells, human kidney 293 cells, human 
epidermal A43 1 ee"s. human Colo205 cells, 3T3 cells, CV- ! cells, other transformed pnmaie cell 
lines, normal diploid ceils, cell strains derived from m wtro culture or primary tissue. rr.mar\ 
expiants. HeLa cells, mouse L cells. BHK. HL-60. U937. or HaK ceils. 

The P-selectin Iigand protein may also be produced bv operablv linking the isolateJ DNA 
of the invention and one or more DNAs encoding suitable glycosylating enzymes to suitable 
control sequences ;n one or more insect expression vectors, and employing an insect expression 
system. Materials and methods for baculovirus, insect cell expression systems are commercially 
available in kit form from, e.$ . Invitrogen. San Diego. California. USA ahe MaxBac °> mi', and 
such methods are well known in the art. as described in Summers and Smith. Texas Agnculmml 
Experiment Station Bulletin No \555 < 1987) , incorporated herein by reference. Soluble forms 
of the P-,eiectin iigand protein may also be produced in insect ceils using appropriate isolated 
DNAs as described above A DNA encoding a form of PACE may runner be co-expressed in an 
insect nest cell to produce a PACE-cleaved form of the P-eiect:n ugand protein 
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Alternative!) . u may be possible to produce the P-seiectin hgand protein in lower 
eukaryotes such as yeast or in prokaryotes such as bacteria. Potentially suitable yeast strains 
include 5a ccharomyces cerevisiae. Schtzosaccharomyces pombe. Kluweromvces strains, Candida. 
or any yeast strain capable of expressing heterologous proteins Potentially suitable bactenal 
strains include Escherichia colt. Bacillus subnhs. Salmonella ryphimurium, or any bactenal strain 
10 capable of expressing heterologous proteins. If the P-seiecnn ligand protein is made in yeast or 
bacteria, it is necessary to attach the appropriate carbohydrates to the appropriate sites on the 
protein moiety covalently. in order to obtain the glycosylated P-selectm ligand protein Such 
covalent attachments may be accomplished using known chemical or enzymatic methods. 

The P-selectin iigand protein of the invention may also be expressed as a product of 
15 transgenic animals, e.g., as a component of the milk of transgenic cows, goats, pigs, or sheep 
which are characterized by somatic or germ cells containing a DNA sequence encodine the P- 
selectm ligand protein. 

The P-selectm binding activity of a P-selectin protein may be enhanced by co- 
transformation of a host cell with a GIcNAc transferase, preferably UDP-GlcNAc:Gal Pl- 
20 3GaLNAc-R(GIcNAc to GaJNAc)P 1 -6 GIcNAc transferase (EC 2.4. 1 . 102), also known as "core2 
transferase." 

O-linked glycans present on P-selectin ligand protein have been shown to be important 
for binding to P-selectin (D. Sako et ai, Cell 75, I 179-1 186 (1993)). It has been reported that 
sialyl Le' on O-Iinked glycans of myeloid ceils are presented on complex, branched structures 

25 (Maemura. K. and Fukuda. M.. J. Biol. Chem. 267, 24379-24386 (1992)). The enzyme 
responsible for generating such oligosaccharide structures is core2" The core2 enzyme activity 
is found at very low levels in COS cells and at trace levels in CHO cells Host cells co- 
transformed with DNAs encoding a P-selectm ligand protein, an t al .3/a 1 .4> fucosvltransferase 
and core2 can produce P-selectm ligand protein exhibiting 20-30 fold enhanced binding to P- 

30 ^elecnn. 

In certajn preferred embodiments. P-selectm ligand protein ts produced bv co-transfecting 
a host cell with DNAs encoding soluble P-selectin hgand protein, 3/4FT. core2 and PACE 

The P-selectin ligand protein of the invention may be prepared by cuttunng transformed 
host cells under culture conditions necessary to express a P-selectin binding glycoprotein. The 
35 resulting expressed glycoprotein may then be punfied from culture medium or ceil extracts 
Soluble terms of the P-selectin ligand protein of the invention can be punfied by affinity 
chromatography over Lentil iectin-Sephaxose'D and subsequent elution with 0 5M a-methyl- 
mannoside. The etuted soluble P-selectin hgand protein can then be further punfied and 
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concentrated bv O-TQ^ ammonium sulfate precipitation step The protein is then recovered, 
resuspended. and further punned bv si<:e exclusion chromatography over a TSK G4000SW 
Alternatively, full length forms of the P-selecun ligand protein of the invention can be punf.ed 
by preparing a total membrane fraction from the expressing cell and extracting the membrane, 
with a non-,onic detergent such as Tnton X- 100. The detergent extract can then be passed over 
an affinity column comprised of immob.lized P-selectm. and the P-selectin ligand protein can be 
eluted from the column with I OmM EDTA in a buffer containing 0 I 9 C detergent. The material 
eluted from the affinity column can then be dialyzed to remove EDTA and further punned over 
a Lentil lectin-Sepharose® affinity column, again eluting with 0.5M a-methy 1-mannoside 

Alternatively, the P-selectin ligand protein of the invention is concentrated using a 
commercial available protein concentration filter, for example, an Am.con or Millipore Pelhcon 
ultrafiltration unit. Foliow.ng the concentration step, the concentrate can be applied to a 
punficanon matrix such as a gel filtration medium Alternatively, an anion exchange resin can 
be employed, for example, a matnx or substrate having pendant diethylaminoethyl (DEAE) 
groups The matrices can be acrylamide. agarose, dextran. cellulose or other types commonly 
employed in protein punficanon Alternatively, a cation exchange step can be employed. 
Suitable cation exchangers include vanous insoluble matnees comprising sulfopropyl or 
carboxymethyl groups. Sulfopropyl groups are preferred (e.g.. S-Sepharose® columns) The 
purification of the P-selectin ligand protein from culture supernatant may also include one or more 
column steps over such affinity resins as concanavalin A-agarose. heparin- toy opearl® or 
Cibacrom blue 3GA Sepharose®: or by hydrophobic interaction chromatography using such 
resins as phenyl ether, butyl ether, or propyl ether: or by .mmunoarT.mtv chromatography 

Finally, one or more reverse-phase high performance liquid chromatography . RP-HPLC • 
steps employing hydrophobic RP-HPLC media, e.g.. silica gel having pendant methvl or other 
aliphatic groups, can be employed to further punfy the P-seiecf.n lieand protein. Some or all of 
:ne foregoing purification steps, in vanous combinations, can also be employed io provide a 
substantially homogeneous isolated recombinant protein The P-selectm lieand protein thus 
purified is substantially free of other mammalian proteins and ,s defined in accordance v».th the 
present invention as "isolated P-selectin ligand protein ' 

Isolated P-selectin ligand protein may be useful in treating conditions characterized by 
P-. E- orL-selectin mediated intercellular adhesion. Such conditions include, without limitation, 
myocardial infarction, bactenal or viral infection, metastat.c conditions, inflammaiorv disorders 
such as ar.hntis. gout, uveitis, acute respiratory distress syndrome, asthma, emphysema, delayed 
ivpe Hypersensitivity reaction, systemic lupus erythematosus. -Hernial injury such as bums or 
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rrostbite. autoimmune thyroiditis, experimental allergic encephalomyelitis, multiple K.etMv 
multiple organ injury syndrome secondary to trauma, diabetes. Reynauds syndrome, neutrophilic 
dermatosis (Sweet s syndrome), inflammatory bowel disease. Grave s disease, glomerulonephritis, 
gingivitis, penodontms. hemolytic uremic syndrome, ulcerative colitis. Crohn's d.sease. 
necrotizing enterocolitis, granulocyte transfusion associated syndrome, cytokine-.nduced toxicity, 
and the like. Isolated P-selectin ligand protein may also be useful in organ tranplantat.on. both 
to prepare organs for transplantation and to quell organ transplant rejection. Accordingly. P- 
selectm ligand protein may be administered to a living or non-living organ donor, pnor to organ 
removal. In addition. P-selectin ligand protein may be administered "ex-vivo" to the donor organ 
concomitantly with organ preservation solution, pnor to. and/or subsequent to surgical 
anastomosis with the recipient. Isolated P-selectin ligand protein may be used to treat 
hemodialysis and leukophoresis patients. Additionally, isolated P-selectin ligand protein mav be 
used as an antimetastat.c agent. Isolated P-selectin l.gand prote.n may be used itself as an 
inhibitor of P-. E- or L-selectin-mediated intercellular adhesion or to des.gn inhibitors of P-. E- 
or L-selectin-mediated intercellular adhesion. The present invention encompasses both 
pharmaceutical compositions containing isolated P-selectin ligand protein and therapeutic 
methods of treatment or use which employ isolated P-seiectin ligand protein. 

Isolated P-selectin ligand protein, purified from cells or recombinant! y produced, may be 
used as a pharmaceutical composition when combined with a pharmaceutical^ acceptable earner. 
Such a composition may contain, in addition to P-selectm ligand protein and earner, diluents, 
fillers, salts, buffers, stabilizers, solubilizers. and other matenals well known in the an. The term 
"pharmaceuticatly acceptable" means a non-toxic matenal that does not interfere w.th the 
effectiveness of the biological activity of the active ingredient! si. The charactcnstics of the earner 
w,ll depend on the route of administration. The pharmaceutical composition of the invention mav 
also contain cytokines, lymphokines. or other hematopoietic factors such as M-CSF. GM-CSF. 
IL-1. IL-2. IL-3. IL-4, IL-5. 0_-6. IL-7. 0.-8. 0.-9. 0.-10. IL-1 1. IL-12. G-CSF. Meg-CSF. stem 
cell factor, and erythropoietin. The pharmaceutical composition mav contain thrombotic or anti- 
thrombotic factors such as plasminogen activator and Factor VIII The pharmaceutical 
composition may further contain other anti-inflammatory agents. Such additional factors and/or 
agents may be included ,n the pharmaceutical composition to produce a synergistic effect with 
isolated P-selectin ligand protein, or to minimize side effects caused by the isolated P-selectin 
ligand protein. Conversely, isolated P-select.n ligand protein may be included in formulations 
of the particular cytokine, lymphokine. otner hematopoietic factor, thrombolytic or anti- 
thrombotic factor, or anti-inflammatory agent to minimize side effects of the cvtokme. 
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ivmphokme. other hematopoietic factor, thrombolytic or ami -thrombotic factor, or anti- 
inflammatory agent. 

The pharmaceutical composition of the invention may be in the form of a liposome in 
which isolated P-seiectin Iigand protein is combined, in addition to other pharmaceutical 
acceptable earners, with amphipathic agents such as lipids which exist in aggregated form as 
micelles, insoluble monolayers, liquid crystals, or lamellar layers which in aqueous solution. 
Suitable lipids for liposomal formulation include, without limitation, monoeiyesndes. 
diglycendes, sulfatides, lysolecithin. phospholipids, saponin, bile acids, and the like Preparation 
of such liposomal formulations is within the level of skill in the an, as disclosed, for example, in 
U.S. Patent No. 4.235,871; U.S. Patent No. 4.501,728; U.S. Patent No. 4.S37.02S; and U.S. 
Patent No. 4.737.323, all of which are incorporated herein by reference. 

As used herein, the term "therapeutically effective amount" means the total amount of 
each active component of the pharmaceutical composition or method that is sufficient to show a 
meaningful patient benefit, i.e., healing of chronic conditions characterized by P-sefeciin- or E- 
selectin-mediated cellular adhesion or increase in rate of healing of such conditions When 
applied to an individual active ingredient, administered alone, the term refers to that ingredient 
alone. When applied to a combination, the term refers to combined amounts of the active 
ingredients that result in the therapeutic effect, whether administered m combination, serially or 
simultaneously. 

In practicing the method of treatment or use of the present invention, a therapeutically 
effective amount of isolated P-selectin iigand protein is administered to a mammal having a P- 
selectin-mediated disease state. Isolated P-selectm Iigand protein mav be administered in 
accordance with the method of the invention either alone or in combination with other therapies 
such as treatments employing receptor antagonists, Iigand antagonists, cytokines, iymphokines 
or other hematopoietic factors. When co-admimstered with one or more cytokines, ivmpnokines 
or other hematopoietic factors, isolated P-selectm iigand protein mav he administered either 
simultaneously with the cytokine* s), lymphokine(si. other hematopoietic r acton si. thrombolytic 
oranti-thrombotic factors, or sequentially If administered sequentially, 'he attending pnvsician 
will decide on the appropriate sequence of administering isolated P-.electin Iigand protein in 
combination with cytokjne(s), lymphokmet s>. other hematopoietic factons), thrombolytic or anu- 
thrombotic factors. 

Administration of isolated P-selectm Iigand protein used m the pharmaceutical 
composition or to practice the method of the present invention can be earned out m a vanetv or 
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conventional ways, such as oral ingestion, inhalation, or cutaneous, subcutaneous, or intravenous 

injection Intravenous administration to the patient is preferred. 

When a therapeutically effective amount of isolated P-selectin iieand protein is 

administered orally, isolated P-selectm ligand protein will be in the form of a tablet, capsule, 
powder, solution or elixir. When administered in tablet form, the pharmaceutical composition of 
10 the invention may additionally contain a solid earner such as a gelatin or an adjuvant. The tablet, 
capsule, and powder contain from about 5 to 95% isolated P-selectm ligand protein, and 
preferably from about 25 to 90% isolated P-selecun ligand protein. When administered in liquid 
form, a liquid earner such as water, petroleum, oils of animal or plant ongin such as peanut oil. 
mineral oil, soybean oil. or sesame oil. or synthetic oils may be added. The liquid form of the 
15 pharmaceutical composition may further contain physiological saline solution, dextrose or other 
sacchande solution, or glycols such as ethylene glycol, propylene glycol or polyethylene elycoi 
When administered in liquid form, the pharmaceutical composition contains from about 0.5 to 
90% by weight of isolated P-selectm ligand protein and preferably from about 1 to 50% isolated 
P-selectm ligand protein. 

-0 When a therapeutically effective amount of isolated P-selectin ligand protein is 

administered by intravenous, cutaneous or subcutaneous injection, isolated P-selectin ligand 
protein will be in the form of a pyrogen-free. parenterally acceptable aqueous solution. The 
preparation of such parenterally acceptable protein solutions, having due regard to pH, isotonicuv. 
stability, and the like, is within the skill in the art. A preferred pharmaceutical composition for 

25 intravenous, cutaneous, or subcutaneous injection should contain, in addition to isolated P-selectm 
ligand protein an isotonic vehicle such as Sodium Chionde Injection. Ringer s Injection. Dextrose 
Injection. Dextrose and Sodium Chionde Injection. Lactated Ringer s Injection, or other vehicle 
as known in the art. The pharmaceutical composition of the present invention mav also contain 
stabilizers, preservatives, buffers, antioxidants, or other additive known to those of skill in the an 

30 The amount of isolated P-selectin ligand protein m the pharmaceutical composition of the 

present invention will depend upon the nature and seventy of the condition being treated, and on 
the nature of pnor treatments which the patient has undergone Ultimately, the attending 
physician will decide the amount of isolated P-selectm ligand protein with which to treat each 
individual patient. Initially, the attending physician will administer low doses of isolated P- 

35 seiectm ligand protein and observe the patient s response. Larger doses of isolated P-selectin 
ligand protein may be administered until the optimal therapeutic effect is obtained for the patient, 
and at that point the dosage is not increased further It is contemplated that the various 
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:> pharmaceutical compositions used to practice the method of the present invention should contain 
about 0 I ug to about 100 mg of isolated P-se!ectin ligand protein per kg bodv weisht 

The duration of intravenous therapy using the pharmaceutical composition of the present 
invention will vary, depending on the seventy of the disease being treated and the condition and 
potential idiosyncratic response of each individual patient. It is contemplated that the duration 
10 of each application of the isolated P-selectin ligand protein will be in the range of 12 to 24 hours 
of continuous intravenous administration. Ultimately the attending physician will decide on the 
appropriate duration of intravenous therapy using the pharmaceutical composition of the present 
invention 

Isolated P-selectin ligand protein of the invention may also be used to immunize animals 
1 5 to obtaan polyclonal and monoclonal antibodies which specifically react with the P-selectin ligand 
protein and which may inhibit P-selectin-mediated cellular adhesion. Such antibodies may be 
obtained using the entire P-seiectin ligand protein as an immunogen, or by using fragments of P- 
seiectm ligand protein such as the soluble mature P-selectin ligand protein. Smaller fragments 
of the P~seiectin ligand protein may also be used to immunize animals, such as the fragments set 

20 forth below; amino acid 42 to ammo acid 56 of SEQ ID NO:2 and amino acid 1 27 to amino acid 
138 of SEQ ID NO:2. An additional peptide immunogen comprises amino acid 238 to ammo acid 
248 of SEQ ID NO:2 T with an alanine residue added to the amino terminus of the peptide. 
Another peptide immunogen comprises amino acid 43 to amino acid 56 of SEQ ID NO:2 having 
a sulfated tyrosine in any or all of positions 46. 48 or 5 1 . The peptide immunogens additionally 

25 may contain a cysteine residue at the carboxyi terminus, and are conjugated to a hapten such as 
keyhole limpet hemocyanm (KLLH). Additional peptide immunogens may be generated by 
replacing tyrosine residues with sulfated tyrosine residues Methods for synthesizing such 
peptides are known in the art, for example, as in R P Memfield, J. Amer.Chem.Soc 81, 2149- 
2154 ( 1963); J.L. Krstenansky, er al., FEBS Lett. 2JJ_, 10 (1987) 

Monoclonal antibodies binding to P-setectin iigand glycoprotein or to complex 
carbohydrate moieties characteristic of the P-selectin iigand glycoprotein mav be useful diagnostic 
agents for the immunodetection of inflammatory diseases and some forms of .ancer Some 
cancerous cells, such as smaJi ceil lung carcinomas, may express detectable levels ot the P-setectin 
ligand protein This abnormal expression of the P-selectin iigand protein by cancer cells mav play 

35 a role m the metastasis of these cells. 

Neutralizing monoclonal antibodies binding to P-selectin ligand glycoprotein or to 
complex carbohydrates characteristic of P-selectin hsand gheoprotem mav also be useful 
therapeutics ror both inflammatory diseases and also :n the treatment or some forms of cancer 
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where abnormal expression of P-selectm ligand protem is involved These neutralisms 
monoclonal antibodies are capable of blocking the selectin mediated intercellular adherence 
function of the P-selectin ligand protein. By blocking the binding of P-selectm hgand protem, 
the adherence of leukocytes to sues of inappropriate inflammation is either abolished or markedly 
reduced. In the case of cancerous cells or leukemic cells, neutralizing monoclonal antibodies 
agajnst P-seiecun Ijgand protein may be useful m detecting and preventing the metastatic spread 
of the cancerous cells wruch may be mediated by the P-seiectin hgand protein. In addition, the 
monoclonal antibodies bound to these cells may target the cancerous cells for antibody-dependent 
cell medicated cytoxicity (ADCO. thus helping to eliminate the cancerous cells. Human 
antibodies which react with the P-selectin hgand protem may be produced m transgenic animals 
which contain human immunoglobulin encoding genes in their germ lines. Example 7 beiow sets 
forth production of a rabbit polyclonal antibody specific P-selectm ligand protein fragments 

P-selectm hgand protein of the invention may also be used to screen for agents which ore 
capable of binding to P-selectm ligand protein and thus may act as inhibitors of P-selectin- or E- 
selectin-mediated intercellular adhesion. Binding assays using a desired binding protein, 
immobilized or not. are well known tn the an and may be used for this purpose using the P- 
selectm ligand protem of the invention. Appropnate screening assays may be cell-based, as in 
Examples 3 and 9 below. Alternatively, punfied protein based screening assays may be used to 
identify such agents. For example. P-selectin ligand protein may be immobilized in punfied form 
on a earner and binding to punfied P-seiectin may be measured in the presence and in the absence 
of potential inhibiting agents. A suitable binding assay may alternatively empiov punfied P- 
seiectm immobilized on a earner, with a soluble form of P-selectm ligand protein of the invention 
Any P-seiectin ligand protein may be used m the screening assays aesenbed above For 
example, the full-length P-selecun ligand protein set fonh m SEQ ID NO:2 from amino acid 1 to 
ammo acid 402 may be used to screen for inhibitors; or the mature P-selectin ligand protein set 
forth in SEQ ID NO:2 from amino acid 42 to ammo add 402 may be used to screen for inhibitors, 
or the soluble mature P-selectm ligand protem set fonh ;n SEQ ID NO:2 from ammo acid 42 [0 
amino acid 310 may be used to screen for inhibitors. Alternatively, the P-selectin ligand protein 
of SEQ ID NO 4 from ammo acid 1 to amino acid 41 2. or a mature form of the P-selectm iieand 
protein as set forth in SEQ ID NO:4 from amino acid 42 to ammo acid 4 1 2. or a soluble mature 
form of the P-seiectin ligand protein set fonh in SEQ ID NO:4 from amino acid 42 to ammo acid 
320 may be used to screen for inhibitors of intercellular adhesion in accordance with the present 



invention 
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in such a screening assay, a first binding mixture is formed by combining P-seiecnn or 
E-seiectin and P-selectin ligand protein, and the amount of binding in the first bindme mixture 
(B 0 ) is measured A second binding mtxture is also formed by combining P-, E- or L-seiecun. P- 
selectin ligand protein, and the compound or agent to be screened, and the amount of binding m 
the second binding mixture (B) is measured. The amounts of binding in the first and second 
binding mixtures are compared, for example, by performing a B/B 0 calculation. A compound or 
agent is considered to be capable of inhibiting P-, E- or L-selectin mediated intercellular adhesion 
if a decrease in binding in the second binding mixture as compared to the first binding mixture 
is observed. The formulation and optimization of binding mixtures is within the level of skill in 
the an, such binding mixtures may also contain buffers and salts necessary to enhance or to 
optimize binding, and additional control assays may be included in the screening assay of the 



invention. 



Compounds found to reduce by at least about )0%, preferably greater than about 50% or 
more of the b.nding activity of P-selectin ligand protein to P-. E- or L-selectm may thus be 
identified and then secondarily screened in other sel ecu n binding assays, including assays binding 
to L-seiectin and in vivo assays. By these means compounds having inhibitory activity for 
selecun-mediated intercellular adhesion which may be suitable as ami -inflammatory agents may 
be identified. 



EXAMPLE 1 

CLONING OF THE P-SELECTIN MGAND PROTEIN GF.NF 

A. Construction of the HL60 cDNA library 

An HL60 cDNA library was constructed for expression cloning the P-selectm ligand 
PolyA* RNA was isolated from total RNA from the human promyelocyte cell line HL60 < S.J 
Collins, er al , supra) using a Fast Track mRNA isolation Kit tlnvurogen; San Diego. CA , 
Double stranded cDNA was synthesized from the poiy A* RNA fraction and blum-end heated with 
EcoRI adaptors ( 5'-AATTCCGTCGACTCTAGAG-3'. SEQ ID NO 7; 5 ' - C T C T A G A G T C G A C G G - 3 ' . 
SEQ ID NO:8). The cDNA was heated into the expression vector pMT2I iR. Kaufman et at.. 
J. Mol. Cell. Biol. 9, 946-953 (1989) that had been incubated sequentially with EcoRI 
endonuclease and caJf mtestinai alkaline phosphatase and gel punfied. The ligation product was 
eiectroporated in 2 ul aliquots into competent E. coli DH5a cells and grown m ! mi of SOB 
medium . J Sambrook et ai. Molecular Cloning A Laboratory Manual . New York. Cold Spnng 
Harbor Laboratory Press, p 1 .90 t I9S9n which has been supplemented with 10 mM MeCU. 10 
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mM MgSO,. and 2 c c glycerol for one hour ai 3~* r C In order to dmae (he library into smaller 
subsets, an aliquot from each ml of bactenai suspension was plated onto agar plates m the 
presence of ampicillin. and the number of colonies per ml was calculated Assuming that each 
colony represented one cDNA clone, 600.000 clones were generated and divided into subsets of 
approximately 16,000 clones per pool. Each of the 38 pools were grown overnight in L-broth in 
the presence of ampicillin and the plasmids were purified over a CsCI gradient. 

B- Screenine for the P-selectin ligand protein gene 

In the first stage.the LEC-y 1 binding assay of Example 4(A) was utilized to pan the KL60 
cDNA library and thereby to ennch for the plasmid of interest Six pg of each HL60 cDNA 
library pool was co-transfected with 2 ug of a 3/4FT gene (Example 2) into COS ceils. 
Approximately 45 hours post-transfection, the COS cells were lifted from the plates bv incubating 
the cells in 1 mM EGTA for 15 min. at 37°C, followed by scraping with ceil lifters The cells 
were washed twice in Hanks buffered saline solution containing I mM calcium (HBSS). The ceils 
were resuspended in 4 ml of HBSS. The resuspended transfected COS cells were screened using 
the LEC-y 1 binding assay described in Example 4(A). 

The plasmids from adherent COS cells were recovered from a Hirts extract [B. Hins. J 
MoL Biol.. 26, 365-369 (1967)] and then electroporated into E. coh DH5ct cells for amplification. 
The enriched population of plasmids was purified over a CsCI gradient and re-transfected along 
with the 3/4FT gene (Example 2) into COS ceils. The transfection, screening, and plasmid 
amplification process was repeated for a total of three times before a pool that bound to the LEC- 
Y 1 -coated plates was visually detected. The positive plasmid pool was subsequently broken down 
into subsets. This involved electroporating the Hirts extract from the positive pool into E coit 
DH5ct cells and quantitating colonies per ml as described above. Various pool sizes were 
produced by plating out a predetermined number of colonies on agar plates m the presence of 
ampicillin. Duplicate plates were prepared by performing nitrocellulose lifts and storms the filters 
on new agar plates. The duplicate piates served as reference piates for selecting individual or 
groups of colonies from any pool identified as being positive 

In the second stage of cloning. COS cells were co-transfected with the sublibrarv pools 
and the 3/4FT gene by the same procedure used in the initial steps of screening. Fonv-eisht hours 
post-transfeciion. the transfected cells were screened using the fluorescent CHO P-selectin assay 
of Example 4(B). Positive pools were further subdivided, as described above, until finallv 
individual colonies were screened and positive clones identified Using this method, a single 
positive clone. pMT21 PL35. was found to encode the P-seleam iigand protein The DN A 
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^equence of the P^eiectm hgand contained in pMT2 I PL35 i, set forth in SEQ ID NO I . and the 
binding characteristics of the P-selectin hgand protein encoded by pMTZl PLS5 are se: forth in 
Example 4fC) below 

EXAMPLE 2 

CLONING THE a 1.3/1. 4 FUCOSYITRANSFERASE GENE 
The a i.3/1,4 fucosy I transferase gene (3/4FT) was cloned from total human genomic 
DNA f Clontech Laboratories) by means of PCR. The sense oligonucleotide pnmer contained an 
Xbal site and the 5' terminus of the gene (5'- 
TAGCATACGCTCTAGAGCATGGATCCCCTGGGTGCAGCCAAGC-3', SEQ ID NO:9). and the 
antisense oligonucleotide pnmer contained an EcoRI site and the 3* terminus of the sene (5 - 
CCGGAATTCTCAGGTGAACCAAGCCGC-3". SEQ ID NO: 10). The PCR product was sequentially 
digested with Xbai and EcoRI and punfied by standard gel purification methods This gene was 
then Iigated with vector P MT3Sv2ADA (R. Kaufman. Methods in Enzymology, supra) that had 
also been sequentially digested with Xbal and EcoRI and punfied by standard gel punfication 
methods. Competent HBIOI cells (Biorad) were transformed with this ligation product and then 
plated on agar plates m the presence of ampicilhn. Nitrocellulose filter lifts of ampicilhn-resistant 
transformants were probed with a radiolabeled oligonucleotide (5'- 
AAGTATCTGTCCAGGGCTTCCAGGT-3'. SEQ ID NO: 1 1) complementary to the nucleotide region 
506-530 in the middle of the gene (J. Sambrook et ai, supra). 

Plasmid DNA mmipreps were prepared from twelve positive clones. The punfied DNA 
was then digested with EcoRI and Xbal to identify the conect clone with the proper size insert. 
This clone (pEA.3/4FT) was then grown up large scale and the DNA isolated by CsCI density 
gradient banding (J. Sambrook et ai, supra). DNA sequencing confirmed the identity of the 
3/4FT gene The functionality of the gene was assessed in a ceil-cell binding assay as follows 
COS-I monkey cells [(clone M6; M Horwitz et at.. Mol. Appl Genet., 2: 147-149. ( ] 983 ij were 
transfected with 3/4FT using DEAE dextran followed by DMSO snock treatment and chloroqmne 
incubation [L. Sompeyrac and K. Dana. Proc Natl. Acad. Sc: . 75T*5-^5~8 ■ 1981 ;. M LoData 
etal.. Nucleic Acids Res. 12:5707-5717. (1984). H. Luthman and G. Magnuson. Nucleic Acids 
Res.. 11:1295-1308. (1983)]. The transfected COS cells were suspended and quantitated for 
binding to a CHO line expressing E-selectin [G Larsen et al . J Biol Chem. 267 1 I 104-1 1 1 10. 
' 1992 i] This a^say confirmed that the COS cells transfected w,m V4FT can express the siavlated 
Lewis' epitope on the cell surface. 
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EXAMPLE 3 

EXPRESSION OF THE P-SELECTIN LIGAND PROTFTN 

A. Expression of the P-selectin Ligand in LECH cells 

10 Functional P-selectm ligand was expressed in the SLe'-posmve Chinese hamster ovary 

(CHO) ceil line LECH (Campbell. C. and Stanley. P Cell 35:303-309 (1983) as follows: 
approximately 8 ug of plasmid containing the P-selectin ligand gene (pMT21 :PL85. Example 1 ) 
was transfected into LECI 1 cells. At 68 hours post-transfection. the cells were treated wuh 2.5 
rnM sodium butyrate for 4 hours. The cells were observed to induce P-seiectin adhesion, as 

15 determined using the 6-CFD labeled CHO:P-seIectin ceil binding assay (described in Example 
4, section B). In contrast, neither LECI 1 cells alone nor LECI I cells transfected wuh a control 
plasmid induced P-selectin adhesion. 

B. Expression of Soluble P-Selectin Ligand in COS cells 

20 COS cells were transfected with 8 ug pED.sPSL.T7 (see Example 5C) and 4 ug pEA.3/4 

FT plasmid of Example 2. S ug pED.sPSL.T7 alone, or 8 ug plasmid vector (pMT2I ) and 4 M g 
pEA.3/4 FT gene. Forty-five hr post-transfection. the cells were rinsed twice in PBS and 
incubated overnight at 37°C in serum-free DMEM minus phenol red (JRH Biosciences) 
supplemented with 2 mM L-glutamme. 100 U/mi penicillin arid 100 ug/ml streptomycin. 

25 Phenylmethylsulfonyi fluonde, aprotinm and N'aN, were added to final concentrations of ImM. 
2 ug/ml and 0.02%, respectiveiy. and the conditioned medium was centnfueed to remove all 
debns. 

For immunoprecipitation expenments. the labeled soluble P-selectin iisand protein was 
produced by co-transfecting COS cells with pED.sPSL.T7 and pEA.3/4 FT At fortv-five hr post- 
30 transfecuon. the COS cells were labeled with 250 uO/ml "S methionine f.VEN) for 5 hours and 
the medium was collected. Expression of sPSL.TT protein was confirmed bv 
immunoprecipitation wuh anti-T7 antibodies. 

C Expression of PACE-cleaved P-selectin ligand in COS Cells 

35 COS cells were co-transfected wuh the pED.sPSL.T~ plasmid of Example 5<Cj, the 

pEA 3/4FT cDNA of Example 2. and a plasmid containing the PACE cDN'A as set forth in SEQ 
ID NO 5 A parallel control co-transfection was done using onlv the pED sPSL T~ plasmid and 
the pEA 3/4FT plasmid. After 45 hours, conditioned medium from these transfected COS cells 
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^ as coated onto plastic dishes and binding to CHOP-selecun cells (Example 4) was determined 
An approximately two-fold increase in bound CHOP-selectin cells was observed for dishes 
coated with medium containing the P-selectin iigand co-expressed with PACE, as compared with 
medium containing P-selecnn Iigand which had not been co-expressed with PACE Amino acid 
sequencing of the N-terminus of punfied sPSL.T7 protein from the PACE co-transfection showed 
that all of the iigand had been cleaved at the PACE consensus sue (amino acids 38-4 1 of SEQ ID 
NO: 1 ). Radiolabellmg of co-transfected COS cells with J5 S-methionine and subsequent SDS- 
polyacrylamide gel electrophoresis and autoradiography showed that comparable quantities of the 
P-seiectm Iigand had been secreted in both co-transfections. 

D Expressio n of the P-selectin Ligand Protein in CHO Celk 

A full-length form (amino acids I -402) of the P-selectin ligand protein was expressed in 
the CHO(DUKX) cell line (Uriaub & Chasm, Proc. Natl. Acad. Sci. USA 77. 4216-4220 (1980)) 
as follows: approximately 25 ug of the pMT2l:PL85 plasmid and approximately 8 M g of the 
pED.3/4FT (produced by restriction of pEA.3/4FT with EcoRI and Xbal and insertion of the 
resulting fragment into the pED plasmid) were co-transfected into CHO(DUKX) cells using the 
calcium phosphate method. Transfectants were selected for resistance to methotrexate. After two 
weeks, individual colonies were screened for SLe A expression by using a conjugate of an ami SLe* 
antibody (CSLEX-1. U.S. 4,752.569) and sheep red blood cells (sRBC) prepared by the chromic 
Juonde method (Goding, J. W . J. Immunol. Methods J_0:61-66 (1976) as follows sRBC were 
washed with 0.1 5M NaCl until the wash became clear and then a 50% suspension of sRBC was 
prepared in 0.1 5M Nacl. One ml of 0.01% chromic chloride solution was added dropwise while 
vonexing to 0.2 mi of a sRBC suspension containing 50 ug of CSLEX- 1 After incubating at 
37°C for 30 minutes, 10 ml of phosphate buffered saline (PBS) solution was added to the 
reaction. The conjugate was washed once before resuspending into 10 ml of PBS. The plates 
containing transfectants were washed with PBS and then 3 ml of PBS and one ml of the 
sRBC/CSLEX-1 conjugate was added to each plate Positive colonies were red on a 
transilluminator and were picked into alpha medium with 10% fetal bovine serum. Alter two 
weeks, colonies were subjected to stepwise amplification using methotrexate at concentrations of 
2. 10, 25. 100, 250 n\l. The stable cell line obtained was designated CD-PSGL-I ;R3.4). 
Expression of the P-seiectin Iigand protein was confirmed by immunoprecipitation studies using 
the polyclonal anu-P-selectin Iigand protein antibody of Example 7(A). The functionality of the 
P-,electm iigand protein produced by the CD-PSGL-1 (R3 .4) cell line was tested bv assaying the 
transfectants tor binding *o LEC-vl as in Example 4(A). 
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The ^PSL.T" protein was expressed in a stable CHO-PACE line which was alreac. 
■ pressing the cDNA encoding PACE as set forth in SEQ ID NO 5 under adenosine deaminase 
selection (Kaufman, er aL. PNAS (USA) 83:3136-3 140 (1986)). The psPSL.T"- (25 us) and 
pED.3/4FT (8 ug) plasmids were cotransfected into CHO-PACE cells using the calcium 
phosphate method. Transfectams were selected for resistance to methotrexate, and individual 
colonies which bound to the sRBC/CSLEX- 1 conjugate were picked. After two weeks in culture, 
the colonies were subjected to stepwise amplification as described above. The stable cell line 
obtained was designated CP/PS L-T7 (R4. 1 ). Expression of sPSL.T7 protein was confirmed by 
standard immunoprecipitation methods using either a T7 specific monoclonal antibody or the 
LEC-y 1 chimera of Example 4(A). In a similar fashion, a stable cell line expressing the mature 
full length form (amino acids 42-402) of the P-selectin Iigand protein was obtained by co- 
transfection of pMT21 PLS5 and pED.3/4FT into the CHO-PACE line. 

Stable ceil lines expressing the sPSL.Q protein of Example 5(B) and the sPSL.Fc protein 
of Example 5(D) were constructed as follows: plasmids pED.sPSL.Q (25 ug) or pED sPSL.Fc 
(25 ug) were cotransfected with approximately 25 ug of the pED.3/4FT plasmid described above 
and approximately 20 ug of a plasmid containing the PACE cDNA as set forth in SEQ ID NO:5) 
as well as the neomycin resistance gene into CHO(DUKX) ceils using the calcium phosphate 
method. Transfectams were selected for resistance to methotrexate and the G4I8 antibiotic. 
Approximately two weeks later, individual colonies were screened for SLe' expression using 
sRBC/CSLEX-1 conjugate binding. The positive colonies were picked in G418 medium at I 
rng/ml concentration. After 2-3 weeks in culture, cells were amplified with methotrexate in a 
stepwise selection. The stable cell lines obtained were designated CD-sPSL.Q iRS.2) and CD- 
sPSL.Fc ( R8.1 ). respectively The expression of sPSL.Q and sPSL.Fc protein was confirmed bv 
standard immunoprecipitation method using the anti P-selectin Iigand protein polyclonal antibody 
of Example 7(A). 



EXAMPLE 4 

ASSAYS OF P-SELECTIN- MEDIATED INTERCELLULAR ADHESION 

A. LEC-vl Binding Assay 

A DNA encoding a chimeric form of P-selectin conjugated to the Fc portion of a human 
IgGv I (LEC-vl ) was constructed using known methods < Aruffo et ai Cell 62. 35-44 f 199! )i. and 
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.:ably transacted ,n,o dhfr CHO ceils <CHO DL KX. tor h.gh level production ot the chimeric 
LLC-yI protein, which was purified for use in the binding assay set forth below 

Petn d!shes were coated first with a polyclonal anti-human IgGyl Fc antibody and then 
with LEC-v I . Th.s method onents the LEC- Y I construct such that the P-selectm P omon of the 
chimeric molecule is presented on the surface of the plates Adhesion of HL60 cells to the 
oriented LEC- Y I was quantitated in the presence and absence of calcium. HL60 adhesion was 
shown to be calc.um dependent, confirming that the ch.menc molecule had retained functional 
binding of P-selectin to its ligand on HL60 cells. The binding of HL60 cells to onented LEC- Y I 
was also shown to be blocked by a neutralizing monoclonal antibody to P-select.n. demonstrating 
the specificity of P-selectin binding. 

B Fluorescen t CHO-P-selectin Bindin2 Assay 

The assay employed a fluorescentlv labeled CHOP-select.n cell line (Larsen et at.. J 
Biol. Chem. 267. 1 1 104- 11110(1 992)) that can bind to and form clusters on the surface of COS 
cells that are co-transfected with the P-selectin ligand gene and the 3/4 FT gene. The CHO:P- 
selectm cells were suspended at 1 .5 x 10° cells/ml m I % fetal bov.ne serum in DME medium and 
laheled by adding 6-carboxyfluorescem diacetate (6-CFD) to a final concentration of 100 ug/ml. 
After incubation at 37°C for 15 minutes, the cells were washed in medium and resuspended at 1 
x I0 5 cells/mi. Five ml of the labeled cells were added to each washed COS transfectant- 
containing plate to be assayed and incubated at room temperature for 10 minutes. Nonadherent 
cells were removed by four washes with medium The plates were then scanned by fluorescence 
microscopy for rosettes of adherent CHO:P-selectin cells 

C- Quantita tive adhesion assay using radioactivelv 
labeled CHO:P-se<ectin cells 

COS cells were co-transfected w.th the pMTZ ' PL35 plasmid of Example . and the 
PEA.3/4FT plasmid of Example 2 by the same procedure used in the inmal stages of screening 
As controls. COS cells were transfected with pMTZ 1 PLS5 alone, or with pEA.3/4FT alone, or 
w.th a similar plasmid containing no insert t mock 24 hours post-transfection. the transfected 
cells were tryps.n.zed and distributed into Costar 6-we!l tissue culture plates. CHO. P-se lectin 
cells were labeled for 16 hours with 'H-thym.dme using known methods and preincubated at 0.5 
x 10* cells/ml for 30 minutes at 4 3 C ,n a medium containing I "c BSA (control.; a medium 
containing BSA. 5 m.M EDTA and 5 m.M EGTA. a medium containing II BSA and 10 
Mg/ml of a neutralizing ant. P-selectin monoclonal ant.bod;. . and a medium contain. ng ! ~ BSA 
and a non-neutralizing ant.-P-selectin monoclonal antim-d-. The preincubated cell, were then 
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added to the weiis containing the transfected COS ceils After a 10 minute incubation, unbound 
cells were removed by 4 changes of medium. The bound CHO P-seiectm ceils were released bv 
trypsinizatton and quantified by scintillation counting. 

COS cells co-transfected with P-selectm ligand and the 3/4FT induced approximately 5.4- 
fold more binding of CHO:P-seiectin cells relative co COS mock cells; assay in the presence of 
EGTA and EDTA reduced binding to the level of the mock transfected COS ceils Likewise, 
incubation with neutralizing anti-P-selectin antibody also eliminated specific binding, whereas 
non-neutralizing antibody had no effect. In contrast, the binding of CHO P-selectin to COS cells 
transfected with P-selectm ligand alone was not statistically different than binding to the mock- 
transfected COS in both the presence or absence of EDTA and EGTA. or anti-P-seiectin 
antibodies. The binding of CHO P-selecnn cells to COS ceils transfected with 3/4 FT alone was 
approximately 2-fold greater than to the mock-transfected COS, but was unaffected by the 
presence or absence of EDTA and EGTA. 



EXAMPLE 5 

CONSTRUCTION OF SOLUBLE P-SELECTIN LICANDS 

The EcoRI adaptors used to generate the cDNA library from HL60 cells in Example I 
contain an XbaJ restriction site (TCTAGA) just 5' of the beginning of SEQ ID NO: I as it is 
located in the pMT2I:PL85 plasmid. In order to generate soluble forms of the PSL. the 
pMT21:PL85 plasmid was restricted with Xbal and with Hindi (which cleaves after nucleotide 
944 of SEQ ID NO: 1 ). The approximately 950 bp fragment thus generated, containing all of the 
encoded extracellular segment of the ligand up to and including the codon for valine 295. was 
isolated and used to generate DNAs encoding soluble forms of the P-selectin hgand protein as set 
forth in sections A though D below. 

A. Construction of p sPSL.QC 

The fragment was punfied and ligated into mammalian expression vector pED between 
the Xbal and EcoRI sites, along with double stranded synthetic oligonucleotide DNA that 
recreated the codons from Asn 296 to Cys 3 10 and introduced a novel stop codon immediately 
following Cys 3!0. The sequence of the oligos is as follows: 

5'-.^ACTACCCAGTGGGAGCACCAGACCACATCTCTGTGAAGCAGTGCTAG (SEQ ID NO: 12) 
5" -.^TTCTAGCACTGCTTCACAGAGATGTGGTCTGGTGCTCCCACTGGGTAGTT f SEQ ED 



NO- 1 3 
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The resukmg piasm.d was designated pED sPSL.QC. and .he protein expressed from ,h e plasm,d 
was designated sPSL. QC 

B- Construction of psPSL.Q 

The fragment was purified and ligated into the pED plasmid (Kaufman et at.. 199!) 
between the Xbal and EcoRI sites. aJong with the double stranded synthetic ol.gonucleot.de DNA 
that recreated the codons from Asn 296 to Gin 309 and introduced a novel stop codon 
immediately following Gin 309 The sequence of the oligos is as follows: 
5'-AACTACCCAGTGGGAGCACCAGACCACATCTCTGTGAAGCAGTAG (SEQ ID NO: 14) 
5--AATTCTACTGCTTCACAGAGATGTGGTCTGGTGCTCCCACTGGGTAGTT (SEQ ID NO: 15) 
The resulting piasm.d was designated pED.sPSL.Q, and the prote.n expressed from the plasmid 
was designated sPSL.Q. 

C- Construction of dsPSI..T7 

Oligonucleotides encoding 14 ammo acids including an epitope derived from the phage 
T7 major capsid protein were synthesized, creating a C-terminal fusion of the epitope "tag - with 
an additional 32 amino ac.ds derived from the vector sequence. Two oligonucleotides havmg the 
sequences 

5'-CTAGACCCGGGATGGCATCCATGACAGGAGGACAACAAATGGTAGGCCGTAG (SEQ ID NO: 
16) and 

5--.AATTCTACGGCCTACCCATTTGTTGTCCTCCTGTCATGGArGCCATCrCGGGT ,SEQ ID 
NO: 17) 

were duplexed and heated w„h the large XbaJ-EcoRI fragment of mammalian expression piasm.d 
pED. The result.ng piasm.d, pED.T? was restricted w,th Xbal and Smal and heated to the 950 
bp XbaJ-H.ncII fragment descnbed above, resulting in piasm.d pED.sPSL.T7. 
The protein resulting from expression of pED.sPSL.T7 was designated sPSL.T~ 
D - Construction of Solubl e P-selectin Ligand -IpGFc Chimera 

The plasmid DNA encoding a soluble, extracellular form of the P-selectin i.gand protein 
fused to the Fc portion of human immunoglobulin IgGl was constructed as follows the 
mammalian expression vector pED.Fc conta.ns sequences encoding the Fc region of a human 
IgGl w,th a novel linker sequence enabling the fus.on of coding sequences amino terminal to the 
hinee region v, a a unique Xbal restnct.on site A three fragment ligation was performed: pED.Fc 
wis restricted with XbaJ and gel purified in linear form. The 950 bp fragment from p.MTZ 1 PL85 
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described above comprised the second fragment The rhird fragment consisted of annea:ed 

^>ntheiic oligonucleotide DNAs hav ing the following sequence 

5' - CTGC3GCC 3CAGT (SEQ ID NO: 18) 

5' - CTAGACTGCGGCCGCAG (SEQ ID NO: 19) 

The ligation products were grown as piasmid DNAs and individual clones having the correct 
configuration were identified by DNA sequencing. The piasmid was designated pED PSL.Fc 
The DNA coding region of the resulting soluble P-selectm Ugand /Fc fusion protein is shown in 
SEQ ID NO:6. 



EXAMPLE 6 

1 5 CHARACTERIZATION OF EXPRESSED P-SELECTIN LIGANDS 

A. Binding Characterization of Full-Length P-selectin 
Ligand Protein Expressed on COS Cells 

Co-transfection of COS cells with the pEA.3/4FT piasmid of Example 2 and the 
20 pMT21;PL85 piasmid of Example 1 yields COS cells which specifically bind to CHO P-seiectin 
cells. This binding is observed only upon co-transfection of pEA.3/4FT and pMT21:PLS5; use 
of either piasmid alone generates COS cells which do not bind to CHO:P-selectin cells. No 
binding is observed between the parental CHO(DUKX) cell line which does not express P-selecnn 
and COS cells co-transfected with pEA.3/4FT and pMT2 1 :PL85. The bindms between the co- 
15 transfected COS cells and CHOP-selectin cells is sensitive to chelators of divalent ions such as 
EDTA and EGTA. consistent with the Ca~ dependency of P-selectm mediated cellular adhesion 
A neutralizing anti-P-selectin monoclonal antibody blocked the binding between the CHO P- 
selectin cells and the COS ceils which had been co-transfected with pEA.3/4FT and 
pMTZl :PL85. while a non-neutralizing anti-P-seiecun monoclonal antibody had no effect on the 
30 binding. The antibody results indicate that the funcuonal demount s) of P-selectin are required for 
binding to P-selectin ligand protein expressed on the surface of COS cells. 

B. Electrophoretic Characterization of Full-Length 
P-selectin Ligand Expressed in COS Cells 

35 Detergent extracts of co-transfected COS cells were prepared as follows: 45 hours post 

co-transfection. approximately 1.5 x 10 7 cells were suspended in 5 ml of lysis buffer f 10mM 
Piperazme-N\N'-bis[2-ethanesuifonic acid] (PIPES) pH 7.5. 100 mM KC1, 3 mM MgCL. 1 mM 
benzamidine. 0 5 ug/ml leupeptin. 0. o ug/ml pepstatm. 1 mM ethylmaleimide. and I us/ml 
aprotimn) ar.d lysed bv somcation Celluiar debns was removed by low speed centralization i 500 

40 x g. 10 minutes), and a memprane fraction collected by ultracentnrueation i 100.000 u'.tO mm,. 
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The high speed membrane peile. was resuspended ,n an extraction buffer (10 mM 3-r N . 
Morphol.nojpropanesulfon.c ac.dj (MOPS) pH 7.5. 0.1 M Nad. 0.02* NaN,. 1% Thesit® 
(Sigma,. I mM benzam.d.ne. 0.5 ug/ml leupeptm. 0.75 ug/ml peps.at.n. 1 mM ethy Imale.m.de. 
and I yg/ml aprotm.n) Samples were then subjected to SDS polyacrvlam.de gel electrophoresis 
and transfer to nitrocellulose blots as follows: an aliquot of the detergent extract was suspended 
m 17c SDS loading buffer and heated for 5 m.nutes at I00°C before loading onto an 8-16% 
polyacrylam.de gel (reduced) or a 6% gel (non-reduced) and electrophoresed m the Laemmii 
buffer system. Blots were prepared us.ng Immob.lon-P® transfer membranes. The blots were 
immersed in 10 mM MOPS pH 7 5. 0.1 M NaCl. 0.02% NaN,, I mM MgC!.. I mM CaCI.. and 
10% non-fat milk overnight at 4'C. Blots were nnsed once ,n the above buffer, minus the milk, 
and .ncubated .n blotting buffer (10 mMMOPS pH 7.5. 0.IM NaCI. 1% bov.ne serum album.n. 
0.05% Thes.t. I mM MgCK. 1 mM CaC! : ) for 30 m.nutes at room temperature. 

The blots were then probed for the P-selectm ligand as follows 50 ng of a P-.elecun/Fc 
ch.mera was pre-ncubated w.th 3 uC, of '^I-Protem A in blotting buffer for 30 minutes at room 
temperature. Additional excipients (e.g.. EDTA. EGTA. monoclonal ant.bod.es) could be added 
to the pre-.ncubation m.xture at this po.nl to evaluate their effects on binding of the chimera to 
the P-selectm ligand. The pre-mcubated m.xture was then incubated with the blots (prepared as 
above) for 60 m.nutes at room temperature, and the blots were subsequently washed four t.mes 
w,th the same blotting buffer (without bovine serum album.n). a,r dried, and autorad.osraphed 
at -70°C. 

Under non-reducing conditions, two bands were observed with this techn.que for 
membrane extracts prepared from co-transfected COS cells The major band migrated u,th an 
estimated molecular weight of approximately 220 kD. whereas the m.nor band migrated w.th a 
molecular weight of approximately 1 10 kD Under reducing conditions, only a smgle band was 
obser^iaivTth a molecular weight of approximately 110 kD. indicating that under non-reducing 
conditions, the P-selectm i.gand ex.sts as a homodimer. The approximate molecular weight of 
the reduced monomer is greater than that predicted from the deduced am.no acid sequence of the 
cDNA clone ,45 kD). indicating that the expressed protem undergoes extensive post-translational 
mod.fkation (see Example 6(C)). The specificity of the P-^lectm/Fc ch.mera was confirmed by 
the observation that a nonspecific IgG, probe yielded no bands on the blots. Additionally, the 
binding of the P-selectin/Fc chimera to the blots was abolished by EDTA. EGTA. and a 
neutralizing ant,-P-select,n monoclonal antibody Specific bands on the blots were observed only 
from membrane extracts of COS cells co-transfected w,th the pEA.3/4FT and pMT2! PL85 
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piasmid=> Membrane extracts from control transactions : pEA 3-4 FT or pMT2 ! PLS5 aione> 
tailed to yield observable bands on blots. 

c * Glvcosvlation of P-selectin Ligand Protein 

The presence of covalently attached carbohydrate on recombinant P-selectin ligand and 
its role in binding to P-selectm was determined as follows: COS cells were co-transfected with 
pED SPSL.T7 of Example 5(C) and the pEA.3/4FT plasmid of Example 2. After 48 hours, the 
cells were pulsed with ^S-methiomne. 200 pi of 35 S methionine-labeied sPSL.T"* conditioned 
medium was incubated with 5 ug LEC-yl m the presence of 2 mM CaCK and ] mg/mi bovine 
serum albumin (BSA). After rotating for 2 hours at 4°C. Protein A-Sepharose beads (Pharmacia) 
1 5 were added for I hour at 4°C, pelleted by centnfugation and washed tw IC e in Tns buffered saline 
f 20 mM Tns-HCl. 1 50 mM NaCl pH 7.5. hereinafter TBS) containing 2 mM CaCL and 1 mg/ml 
BSA. The pellets were then resuspended and treated with neuraminidase (Streptococcus 
pneumoniae). O-glycanase, and N-glycanase (all from Genzyme) as follows. All glycosidase 
digestions were done at 37°C overnight. For neuraminidase digestion, the pellet was resuspended 
20 in 50 M l 2-(N-morphoiino)-ethanesuifonic acid (MES) buffer. pH 6.5 (Calbiochem) and 0.\9c 
SDS. heated at 95°C for 5 minutes, then pelleted. The supernatant was modified to contain I A% 
n-Ocryl B-D-giucopyranoside (OGP), lOmM calcium acetate, 20 mM sodium cacodylate and 2.5 
mM PMSF. final pH 7.0 Eight pi neuraminidase was added for a final concentration of I unit/ml. 
For neurammidase/O-glycanase digestion, the sample was prepared as above and aiong with the 
25 neuraminidase, the O-glycanase was also added to a finai concentration of 0. 1 unit/ml For N- 
glycanase digestion, the pellet was resuspended in 54 ul MES buffer and 1 ^ SDS. heated at 95 °C 
tor 5 minutes, then pelleted. The supernatant was modified to contain 0.2 M sodium phosphate. 
3.5 ^ OGP. and 2.5 mM PMSF. final pH S.5 N-glycanase was added for a final concentration 
of 12 units/ml and incubated as above. 
30 The effect of glycosidase treatment on sPSL.TT was assessed in two ways. For this, each 

digested protein sample was divided into two equal fractions One fraction was precipitated with 
the P-selectin polyclonal antibody of Example 7( A i. to snow the effect of dieestion on the 
electrophoretic mobility. The other fraction was precipitated with the LEC-yl chimera or 
Example MA), to assess the remaining P-selectin hgand binding activity after digestion. The 
35 immunoprecipitauoned samples were analyzed by SDS-polyacryiamide gel electrophoresis under 
reducing conditions and autoradiography 

In the absence of gfycosidase treatment, autoradiography revealed comparable bands 
t \Mth molecular weights of 1 10 kDi for each precipitation When :he P-seiectin heand protein 
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*as treated with neuraminidase. ant.-P -^lectin ligand polyclonal antibody precipitation revealed 
a .light decrease in mobility, consistent with removal of sialic acid residues. The amount of P 
selectin ligand protein precip.tated by LEC-yl was significantly reduced after neuraminidase 
treatment, consistent with the role of sialic acid residues m the P-selectin/P-selectm ligand 
interaction. When the P-selectin l.gand protetn was treated with both neuraminidase and O- 
glycanase. a substant.al increase in electrophoretic mobility was observed after prec.pitation with 
the anti-P-selectin ligand polyclonal antibody, indicating that a number of O-linked 
oligosaccharide chains had been removed. However, removal of O-Iinked oligosaccharides from 
the P-selectin ligand protein may not have been complete, since the electrophoret.c mobility did 
not correspond to a protein with a molecular we.ght of 38 kD. as would be predicted from the 
amino ac.d sequence set forth in SEQ ID NO: I. The neuraminidase/O-glycanase digested P- 
select.n ligand protein bound to LEC-yl very poorly, further indicating the role of 
oligosaccharides m the P-select.n/P-selectin ligand interaction. Treatment of the punfied P- 
selectm ligand with N-giycanase resulted in a slight increase in electrophoretic mobility, 
demonstrating that some of the consensus sites for N-linked glycosylate are occupied. The 
amount of P-selecun ligand protein precipitated by LEC-y I was slightly reduced, indicating that 
N-linked glycosylate also contributes to the P-selectin/P-selectin ligand interaction, though not 
as dramatically as sialylation and O-linked glycosylation. 

EXAMPLE 7 

POLYCLONAL ANTIBODIES SPECIFIC FOR P-SELECTIN LIGANDS 

A Polyclonal Rabbit anti-P-selectin li g and ProteinAlaltose Binding Protoin 
Fusion Protein 

The anti-P-selectin ligand polyclonal antibody was generated bv immunizing rabbits with 
a fusion protein generated in E. coll. The fusion protein consisted of the ammo terminal cr.e-third 
of the P-selectm ligand (amino acids 1 to I 10 of SEQ ID NO I i fused in frame to the maltose 
binding protein (Mama. C. V er at.. Gene ja, 365-37? ( 1988 ): Riggs. p., , n Current Protocols ,n 
Molecular Biology , F. M. Ausebel et at.. Eds . Greene AssoaatesAV.lev Interscience . New York. 
!990i chapter 16.6). Under conditions employed herein, the fusion protein antibodv recognizes 
the P-selectin ligand protein. 

B - Polyclonal Rabbit Anti-sPSL.TT Protein 

A soluble form of the invention (sPSL.TT. see example nCm was punfied ro apparent 
homogeneity according to the following scheme COS cells were transfected with three piasmids. 
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5 one encoding each of the following- sPSL.T (Example 5tCn. 3<'4FT (Example 2j. and a soluble 
form of PACE (as set forth in SEQ ID NO 5). After 72 hours, the conditioned medium was 
collected and recombinant sPSLTT was punfied as follows. 

Conditioned medium was diluted two fold with 50 m\l MOPS. 150 m\l NaCl. 0 5 mM 
CaCU and 0.5 mM MnCi ? pH 7.2, and applied to a column of lentil lectin-Sepharose 4B 
10 equilibrated in the same buffer. After loading, the column was washed with the same buffer until 
the optical absorbance at 280 nm dropped to a stable baseline. The column was then eiuted with 
the same buffer which had been adjusted to 0.5 M cc-methyl-mannoside and 0 3 M NaCl 
Recombinant sPSL.TT was collected over 5-1 5 column volumes of this elution buffer The lentil 
lectin eiuate was then subjected to a 0-70% ammonium sulfate precipitation by adding 472g of 
1 5 ammonium sulfate per liter of column eiuate at 4°C. After stimng for 30 minutes, the precipitate 
was resuspended in a minimal volume of TBS (20 mM Tris-HCI, 150 mM NaCl, pH 7 5) and 
applied to a TSK G4000SW XL gel filtration column equilibrated in TBS. The flow rate on the 
column was 0.5 ml/min and a guard column was employed. In aliquots of < 250 ul, the 
resuspended ammonium sulfate pellet was injected on the column and fractions analyzed by SDS- 
PAGE with Western analysis. Fractions containing sPLS.T7 were pooled and then used for 
immunizing rabbits. 

Antibodies to sPSL.T7 were generated in the standard fashion by antigen pnming and 
subsequent boosting over a 3 month penod. Specifically, primary immunization was performed 
by mixing 50 ug of sPSL.TT (denatured by mixing in 0. 1 SDS and heating for 1 0 minutes at 
100°O with complete Freund's adjuvant and injected at five sites subcutaneously The second 
(and all subsequent) boosts were performed by mixing 25 ug of sPSL.T7 (denatured bv mixme 
m O Tc SDS and heating for 10 minutes at 100°O [12.5 ug for the third and subsequent boosts! 
with incomplete Freund's adjuvant and injecting at two sues subcutaneously tor later, 
mtrarnuscularly) every two weeks. Test bleeds were performed even,' two weeks to monitor 
antibody titer. When the antibody titer reached a suitable level, a largeV'scale oleed was 
performed and a total serum fraction prepared. This polyclonal antibodv preparation was used 
to inhibit the specific binding of HL60 ceils to CHOP-selecun cells m a manner similar to that 
described in Example 4. 

This assay employed fluorescently-labeled HL60 cells (labelled with BCECFAM. 2'.7- 
35 bis-('2-carboxymethyi)-5-(and-6Vcarboxyfluorescein. acetoxy methyl ester) binding to CHO cells 
plated on the bottom of microtuer plates. The labelled HL60 cells were pre-incubated with either 
sera containing polyclonal antibody or with pre-immune sera for 30 minutes at 4'C The cells 
were then washed and incubated with the CHO P-selectm ceils for 10 minutes The plates were 
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then washed and the fluorescence read with a fluorescence microliter plate reader Using this 
assay, a 1.15 dilution of the anti-sPSL.T7 polyclonal serum resulted in essentially complete 
inhibition of HL60 cell binding to CHO:P-selectin. Demonstrable inhibition of HL60 binding to 
CHO:P-selectin was still observed at antiserum dilutions of 1:150. Pre-immune serum had no 
effect on HL60 cell binding to CHO:P-selectin. 

EXAMPLE 8 
COTRANSFORMATION WITH CORE2 
A - Isolation o f the cDNA encoding Core2 GlcNAc Transferase 

The cDNA encoding core2 GlcNAc transferase was isolated by standard molecular 
biology techniques. Two oligos were designed at the 5' and 3' end (including translational 
initiation and termination codon. respectively) based on the published human core2 sequence 
(Bierhuizen. M.F.A.. Fukuda, M.. Proc. Natl. Acad. Sci. 89, 9326-9330 ( 1 992)). The pools of an 
HL60 cDNA library (Sako. D.. Cell 75, I 1 79- 1 186 (1993)) were used as template to amplify the 
core2 coding sequence by a standard PCR protocol. The PCR amplified fragment was punfled 
and subcloned into pED vector. To isolate cDNA, the pools which gave a positive signal in the 
PCR reaction were transformed into E. coli and plated. Transformants were transferred onto 
nitrocellulose filters and hybridized with a 32 P radiolabeled PCR fragment according to standard 
protocols. Positive clones were picked and punfied by replacing. The sequence of the cDNA and 
PCR clone was confirmed by dideoxy sequencing. 

B * Generation of Stable PSGL-1 Chinese Hamster Ovarv Cell Lines Expressing Core2 
Enzyme 

A cell line made in accordance with the methods of Example 3 expressing full-leneth P- 
selectm iigand protein and 3/4 fucosy (transferase was co-transfected *:th core: cDNA and a 
neomycin resistance gene (pMT4Neo) by standard calcium phosphate methods After about two 
weeks, stable G41 8-resistant rransfectants were picked either as single isolates or ;n a pool These 
transfectants were grown in 1 mg/ml G4 1 8 complete DMEM media and anaivzed tor core2 
enzyme activity fHiggms, E.A.. et a/., J. Biol. Chem 266. 62S0-629O f i 99 1 i). Positive clones 
or pools found positive for core2 activity were analyzed for P-selectin iigand binding to P-se!ecun 
by various methods. In a similar fashion, cell lines expressing either P-selectin Iigand protein or 
soluble P-selectin Iigand protein with both the 3/4 fucosv (transferase and PACE enzymes isee 
Example 3} were used to isolate stable cotransfectants of core2 as described above 
C- Effects of Core2 on P-selectin Binding Activity 

The effects of core2 on P-selectin binding activity was evaluated bv three different 

methods 
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' Binding ^' rnPSGL-! transfectants to imm^bi it/ed soluble P-velectin or P- 

selectm/IgG chimera . 

4S- well plates were coated with 1 ug/ml anti human Fc antibody in 50 mM Tns pH 9.5 
at 4° C for five to six hours. After washing twice with HBSS buffer. P-seiectin/IgG chimera (0. 1 - 
I ug/mi cone. Example 5; was plated in HBSS buffer overnight ai 4° C. The plates were blocked 
with BSA (3 mg/ml) at 4° C for three to four hours. In the case of soluble P-selectm Iieand 
protein, the protein was coated directly onto plates in the same buffer. The J H labelled CHO ceils 
were lifted with 2 mM EGTA. washed three times with PBS, and resuspended to a final density 
of 10* ceils/ml. A 300 ul aliquot of this suspension was added to each well (300.000 cell/well). 
After incubating for 12 minutes at room temperature, wells were washed four times with serum 
15 free DMEM to remove unbound cells. Bound cells were lifted with 5 mM EGTA and counted 
in scintillation counter. U937 cells, used as a positive control for native P-selectin ligand protein 
binding, were pretreated with gamma globulin (5 mg/ml) to block endogenous Fc receptor before 
binding to P-seiectin IgG chimera. Comparative binding data are shown in Fig. I 
2. Immunoprecipitation of PSGL-1 with P-selectin/IgG Chimera . 
20 Recombinant full-length or soluble P-selectin ligand protein prepared from trans forrnants. 

with and without additional core2, was labelled with 3 'S-methionine and subsequently 
immunoprecipitaxed with either the anti P-selectin ligand protein polyclonal antibody or P-selectin 
ligand/IgG chimera as described previously in Examples 7 and 5: Sako. D.. Cell 1 75 , 1 1 79-] I 86 
(1993). Data are depicted in Fig. 2. 
25 3. Flow Cytometry . 

Stable munne P-selectin ligand protein transfectants iwith and without core2) were 
analyzed by standard FACS techniques using either P-selectm/'lgG chimera i Lec V I ) t Example 
5) or anti P-selectin ligand protein monocional antibody (MAb 275. raised aeainst a peptide 
having the sequence from amino acid 42 to ammo acid 56 ofSEQ ID NO:2). Both reagents were 
preconjugated to FITC labelled Protein A. Cells were analyzed by FACS after incubating with 
this conjugate for 30 minutes at 4° C in the presence of 2 mM CaCl, Data are depicted in Fia 
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EXAMPLE 9 

35 E-SELECTIN BINDING OF P-SELECTIN BINDING PROTEIN 

E-Seiecun/IgG chimera was made as described in Example 5 for the P-selectin leG 
chimera using an E-setec:in encoding DNA including amino acids -21 to 536 of the sequence 
reported in Bevilacqua et a!.. Science. 243 I 160 t 1989). 



WO 98/08949 



PCI7US97/14159 



U937 cells (approximately 6 5 x 10") were recovered from tissue culture plates and 
divided equally mto two 50 mL cultures (final concentration of 1 3 x 106 cells/mL. containing 
fresh complete RPMI medium and 50 uC./ml of "H-glucosamme hydrochlonde (labels the 
protein-linked carbohydrate of glycoproteins [ Varki. FASEB 5:226-235 ( ! 991 )] After 48 hours 
incubation, the cells from both cultures were recovered by centnrugation and washed three times 
with PBS The pelleted cells were suspended in 2.5 mL each of a lysis buffer containing I % 
Tnton X-100 and disrupted by probe sonication for two minutes. The detergent lysates were 
placed on ice for three hours and then resonicated for an additional two minutes. The lysates were 
cenmfuged at 16.000 rpm for five minutes, the supematants were recovered and each adjusted 
to I 2 mL with lysis buffer containing no detergent. To one of the two diluted cell lysates was 
added 100 uL of protein A sepharose precoupled with P-selecnn/lgG chimera (see Example 5) 
and to the other was added 100 uL of protein A sepharose precoupled with E-selectin/IgG 
chimera. Both chimeric proteins were present at a density of approximately 2 mg prote.tvmL of 
resin. Binding reactions were allowed to proceed overnight at 4 degrees C with end-over-end 
mixing. On occasion, purified membranes from U937 cells served as the starting material for the 
detergent extraction of labeled proteins. In these cases, the detergent extraction and affinity 
precipitation steps were essentially identical to the above. 

Following incubation, the two parallel reaction mixtures were each cenmfuged 
at 2.000 rpm and supematants were discarded. The resin pellets were washed four times with 
buffer (10 mM MOPS. 100 mM NaCl. I mM CaCI : . I m.M MgCL. 0.02"c NaNi. pH - 5 with 
Tnton X-100 [0.25% for the first and second washes. 0. 1 <7c for the third wash and 0.01 ^ for the 
tounh wash]). A final 1 mL pre-elution wash of each resin pellet using buffer containing 0 01 % 
Tnton X-100 was conducted and these were retained for quant.tation of radioactive counts by 
liquid scintillation counting (LSC). The resins were then eluted overnight at 4 degrees C with 
end-over-end mixing in 1 mL each of buffer containing 0.01% Tnton X-100 and 10 m.M EDTA 
The supematants were recovered by centnfugation and then quantitated bv LSC 

Autoradiography of the materials released from the resins bv EDTA was 
performed by electrophoresis of samples < approximately 10.000 cpm samples concentrated bv 
Centncon-10 units where needed) on I0^c cross-linked SDS-PAGE gels, subsequent treatment 
of the gels with EN3HANCE (Duponn as per the manufacturers instructions followed by drying 
for two hours on a commercially available gel dryer ( Bio-Rad) Exposure of the dned gels to X- 
ray film was conducted for a minimum of three days at -80 degrees C 

Elution of immobilized E- or P-selectin. previously exposed to detersent extracts 
of U937 cells and exhaustively washed, with EDTA Yielded liberated. ■'H-glucosamme labeled 
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proteins. The amount of radioiabei revered from the EDTA eluates was at least 10-fold hisher 
than the counts observed in the final, pre -EDTA washes This observation suggests that both P- 
and E-selectin chimeras affinity captured ligand(s) from U937 whole cell lysates in an EDTA- 
dependent manner and that captured ligands were subsequently released upon treatment of the 
resins with EDTA. 

10 The evaluation of the proteins released by EDTA from the two chimeras was 

performed by SDS-PAGE and autoradiography under reducing and non-reducing conditions 
(commercially available !4 C-Iabeled molecular weight standards were employed) As shown by 
the autoradiograph depicted in Fig. 4. the released counts from the whole cell lysates treated with 
the P-selecnn chimera (lanes 2 and 10) and the E-selectin chimera (lanes 4 and 8) correlated to 
15 a major species of 200 kD molecular weight, non-reduced (lanes 2 and 4), and 100 kD reduced 
(lanes 8 and 10). In different experiments depicted in Fig. 4, where purified membrane extracts 
were used as the starting material m place of whole cells, both the E-selectin chimera (lane 3. non- 
reduced and lane 9. reduced) and the P-selectin chimera (not shown) gave similar results Other 
experiments have demonstrated that the major U937 glycoprotein which binds to P-selectin is 
20 immunoreactive with Rb3026. a polyclonal antibody raised against recombinant sPSGLl T7 
Therefore. P- and E-selectin specifically recognize a single major glycoprotein species with 
identical properties in each case. 

Example 10 

- 5 Production and Analysis of Deleted or Altered 

Forms of Soluble P-Seiectin Ligand Protein 

A. Generation of DNA Constructs 

Truncated forms of the P-seiectin ligand protein-IgG chimeras were generated a^ follows 
Plasmid pED.PSL.Fc was restricted with PstI and NotI and the 6kb fragment comprising the Fc 
30 portion and vector, pEDFc6kb. was gel purified. Plasmid constructs pED 1 49 Fc, pED.47 Fc and 
pED.19.Fc were created by standard PCR technique, using the following pajrs of oligonucleotide 
pnmers; 

"Upstream" primer for ail constructs: 

5'-CCAGGTCCAACTGCAGGTCGACTCTAGAGGGCACTTCTTCTGGGCCCACG-3 , (SEQID NO: 20) 
35 "Downstream" pnmer for 1 48Fc: 

5'-TATTATCTGTGCGGCCGCCGTCGAGAACCGATGGCTGCTGGTTGCAGTGG-3'(SEOIDNO:2l i 
"Downstream" pnmer for 47Fc: 

- ""^ATTATCTGTGCGGCCGC 3CAG CAGGC7" ACA37 3G7A3-3' SEQ ID NO. 22) 
"Downstream' pnmer for I 9Fc 
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> TATTATC7GT3CGGCC3CGGAGGCTCCG7TTCTGGCAG-3' (SEQ ID NO. 23) 
The template DNA tor PCR react.on was pED PSL.Fc The PCR condmons were 94o C . I min .. 
42oC. ! mm.. 72°C. 3 mm.. 25 cycles, us.ng a Perkm-Elmer Thermocycler After completion 
of the last cycle, the react.on was treated w„h Klenow enzyme at 25<>C for 30 mm., extracted w.th 
phenol chloroform, sodium acetate added to 0.3M. and the PCR product DNA was prec.p.tated 
w,th 2.5 volumes of ethanol. The DNA pellet was nnsed with 70% ethanol and residual ethanol 
was evaporated. The resuspended DNA was digested w.th PstI and Notl. gel purified and l.gated 
w,th the P EDFc6kb fragment descnbed above. Correct constructs were identified by restriction 
analysis and confirmed by DNA sequencing. 

Plasm.d pED.AY 148 Fc. pED.H24.Q70. 1 48.Fc were created by s.te d.rected mutagenes.s 
(Man.atis et al., 1989. Molecular Clon.ng: A Laboratory Manual. Cold Spnng Harbor 
Laboratones. us.ng pED l48Fc as template and the followmg mutagenes.s oligonucleot.des: 
for AY148 5 -CGGAGACAGGCCACCGAATTCCTGCCAGAAACG-3' (SEQ ID NO:24) 
for H24: 5'-CCTCCAGAAATGCTGAGGCACAGCACTGACACCACTCCTC-3' (SEQ ID NO:25) 
forQ70: 5'-GAGCTGGCCAACATGGGGCAACTGTCCACGGATTCAGCAG-3' (SEQ ID NO:26) 
Positive clones were identified by colony hybridization (Manians et al. supra). 

pED.FFFE. 1 48. Fc was constructed by resmcting pED.A Y148 Fc w.th EcoRJ and l.gaung 
the following duplexed oligonucleotides: 
5'-AATTCGAGTTCCTAGATTTTG-3 - (SEQ ID NO:27) and 
5'-AATTCAAAATCTAGGAACTCG-3' (SEQ ID NO:28). 

Constructs of the senes pED FYYD. 1 9.Fc. pED.FFYD ! 9 Fc and pED.FFFD I 9 Fc. were 
made by restricting pED.A Y 148.Fc wuh EcoRI and Notl and hgatmg the foilowmg duplexed 
oligonucleotides: 
for pED. FYYD. 1 9.Fc: 

^•AATTCGAGTACCTAGATTATGATTTCCTGCCAGAAACTGAGCCTCCGCO' (SEQ ID NQ 29; 
and 

5'-GGCCGCGGAGGCTCAGTTTCTGGCAGGAAATCATAATCTAGGTACTCG-3' ,SEQ ID NO 30,; 
for pED FFYD 19 Fc: 

5-.AATTCGAGTTCCTAGATTATGATTTCCT3CCAGAAACTGAGCCTCC3C-3- (SEQ ID NO 31 , 
and 

5'-GGCCGCGGAGGCTCAGTTTCTGGCAGGAAATCATAArCTAGGAACTCG-3' (SEQ ID NO 32). 
for pED FFFD.I9.Fc: 

5 -AATTCGAGTTCCTAGATTTC3ATTTCGT3CGAGAAArTGAGGrTCCGC-3' (SEQ ID NO 53) 
and 
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} "GGCC3 r3GAGGCTCAGTTTCTGGCAGGAAATC3AAATrTA3GAACTC3-3' (SEQ ID NO 34) 
B * Plate Bin ding Assav for Analysis of Deleted or Altered Forms or Soluble P-Selectin 
Ligand Protein 

The individual plasmid DN As encoding the vanous mutated forms of soluble PSGL- I/Fc 
chimeras were co-transfected with pEA.3/4FT and PACE cDNA in COS cells as desenbed in 
Example 3(c). 50mls of serum free medium, collected 40-64 hours post transfection from 
approximately 10 7 COS cells, was purified on a column of 0.25ml of protein A sepharose 
(Pharmacia) equilibrated with TBS supplemented with 2mM CaCk After washing with 20mis 
of TBS/CaCl : , the bound material was eluted with 0.5mls of 0.1M acetic acid. 0.1 5M NaCl. 
2mMCaCI : . The eluted material was neutralized with I /20th volume 3M Tns pH 9.0 The 
material was quantitated by measuring absorbance at 2S0nm and by comassie blue staining of 
PAGE/SDS/Laemmli gels. 

In order to produce non-sulfated forms of soluble PSGL- 1. COS cell transfections of the 
relevant Fc chimeras were performed as desenbed above except that following transfection the 
cells were cultured in the presence of 50mM Chlorate (Sigma). 

Quantitative adhesion of CHO:P-seleciin, CHO:E-selecun and CHO:L-selectin expressing 
cells was performed as described in Example 4(c), with the following modifications: COS cell and 
antibodies were omitted. Instead. 48-well microliter plates (Costar) were coated for 16 hours at 
4oC with varying quantities of protein A-punfied soluble PSGL-l/Fc chimeras. The unbound 
material was removed and the coated wells were treated with Hank's buffered saline t HBS) with 
Img/ml BSA and 2mM CaCL for 1 hour at 4oC Tntium labeled CHO selectm expressing cells 
were added and binding quantitated as desenbed in Example 4<c). 
c * Effects of Alteration of N-Linked Glvcosvlation Sites 

Constructs expressing three P-selectm Itgand-IgG chimeras were constructed to examine 
the effects of N-linked glvcosvlation sites on selectm binding. These constructs had the foilowma 
characteristics: 

1 48. Fc amino acids 42 - 1 89 of SEQ ID NO:2 

CT0.148.Fc ammo acids 42-189 of SEQ ID NO:2. xnh the asparagine residue at 

position 11 1 of SEQ ID NO:2 replaced with a glutamine residue 
H24.Q-0.148.Fc amino acids 42-189 of SEQ ID NO:2. with the asparagine 

residue at position 65 of SEQ ID NO:2 with a histidine residue 
and the asparagine residue at position I 1 1 of SEQ ID NO:2 
replaced with glutamine residue 
These constructs are schematically represented m Fie 6 



WO 98/08949 



PCT/US97/14I59 



The binding of these constnjcts to proton A and P-selectin-IgG chimera i LEC-y I i was 
compared. The results of these experiments are shown m Fig. 7 Comparison of lanes 4. 5 and 
6 in the autoradiograph demonstrates that removal of one or both of the first two N-hnked 
glycosylate sites in soluble P-selecnn ligand protein does not significantly effect us binding to 
P-selectm. 

D. Effects of Tyrosines 

Constructs were made to examine the roie of tyrosine in P-selectin ligand protein binding 
to selectms by alteration of the anionic region of the soluble protein. The following constructs 
were made: 

AYI48.Fc amino acids 42-189 of SEQ ID NO:2. with ammo acids 46-52 

deleted 

FFFE.!48.Fc amino ac.ds 42-189 of SEQ ID NO:2, with the tyrosine residues at 
positions 46. 48 and 51 replaced with phenylalanine residues and the 
aspanic acid residue at position 52 replaced with a glutamic add residue 
These constructs are schematically represented in Fig. 8. 

The degree and sites of sulfation of P-selectin ligand protein were examined by 
expressing relevant constructs in the presence of radioactively labelled sulfate. The degree of 
sulfation of !48.Fc and AY.I48.Fc were compared to that of a P-selectin-IgG chimera, which was 
not sulfated. Results are depicted in Fig. 9. These data demonstrate that the majonty of sulfate 
incorporation is into the anionic region of the P-selectin ligand protein. 

Additional constructs were made to determine whether the sulfation of the anionic region 
occurred at the tyrosine residues. The following additional constructs were made 

FYYD. 1 9Fc ammo acids 42-60 of SEQ ID NO;2. with the tyrosine res.due 

at position 46 of SEQ ID NO:2 replaced with a phenylalanine 
residue 

FFYD.I9.Fc amino acids 42-60 of SEQ ID NO 2. with the tyrosine residues 

at positions 46 and 48 of SEQ ID NO 2 replaced with a 
phenylalanine residues 
FFp D-l9.Fc amino acids 42-60 of SEQ ID NO 2. with the tyrosine residues 

at positions 46. 48 and 5 1 of SEQ ID NO 2 replaced with 
phenylalanine residues 
These constructs are schematically represented ;n Fig 9. 

The degree of sulfation of these constructs was compared to 19.Fc i "YYYD 19 Fc"i 
Results are shown in Fig 10 FYYD 19. Fc showed significant sulfation while FFFD ! 9 Fc was 
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substantially less sulfated. Thus, [he tyrosine residues of' the anionic region of P-setectm iteanJ 
proteins are the major sue of sulfation 

Removal of sulfate from P-seiectin iigand protein substantially reduces its bindme to P- 
selectin. The binding of 148. Fc treated with chlorate to P-selectin was examined. As shown in 
Fig. 1 K inhibition of sulfation by chlorate treatment substantially reduced the amount of P- 
seiectin iigand protein binding to P-selectin. 

E. Effects of C-terminal Deletions 

Several additional C-termmal deleted constructs were made as follows: 

254. Fc amino acids 42-295 of SEQ ID NO:2 

47. Fc ammo acids 42-88 of SEQ ID NO:2 

19. Fc amino acids 42-60 of SEQ ID NO:2 
These constructs are schematically represented in Fig. 12. 

The binding of 254. Fc. 148. Fc. 47. Fc and 19.Fc to P-selectin. E-seiectin and L-selectin 
was tested. Figs. 23 and 24 compare the binding of these deletion chimeras to seiectins and 
controls. Results are also summarized in Fig. 12. 

F. Binding to P-seiectin and E-seiectin Expressing Cells 

Binding of various constructs described above to cells expressing P-selectin and E- 
selectin was compared using a quantitative plate binding assay of Example 4(c) (which is 
schematically described in Fig. 13). 

Fig. 14 compares the binding of 148. Fc, AY.148.Fc. FFFE.I48.Fc and human IsGI to 
P-selecnn expressing CHO ceils. Deletion of all of the tyrosine residues in the anionic resion m 
AY.148.Fc eliminated binding. Changing the tyrosine residues to phenylalanine residues in 
FFFE.I48.Fc substantially reduced binding as compared to 14S.Fc Thus, it was demonstrated 
that the presence of the full length anionic region is essential to P-selectin bindme and that P- 
selectin binding is enhanced by sulfation in this region. Fig: 14 also reports control experiments 
dernonstraong that 148.Fc. AY.148.Fc and FFFE.148.Fc do not bind to CHO cells which do not 
express selectin. 

Fig. 15 compares the binding of i4S.Fc. A Y 1 48 Fc. FFFE. 1 48 Fc and human IzG] to 
E-selecnn expressing CHO cells. E-selectm binding was unaffected by the deletions or alterations 
of the native sequence. Thus, it was demonstrated that the anionic region is not required for E- 
selectin binding. 

Fig. 16 summarizes the results of Figs 14 and 15 
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Fig. i 7 compares the binding of 47 Fc to P- and E-selectm expressing CHO cells. 47 Fc 
demonstrated substantial binding to both selectins despite deletion of the N-hnked glvcosylation 
sites at positions 1 I 1 and 292 of SEQ ID NO:2. 

Fig. 19 compares the binding of FYYD. 19.Fc. FFFD 19 Fc, H24.Q70J48 Fc. I48.Fc, 
and human IgGI to P-selectin expressing CHO ceils. Replacement of ail of the tyrosine residues 
in the anionic region in FFFD. 1 9.Fc eliminated binding. Changing the tyrosine residue at position 
46 to a phenylalanine residue in FYYD.I9.Fc substantially reduced binding as compared to 
148. Fc. Alteration of the N-hnked giycosylaxion sues in H24.Q70.I48.Fc did not affect binding 
Thus, it was demonstrated that P-selectin binding is enhanced by sulfation in the anionic region 
and that N-Iinked glvcosylation is not required for P-selectin binding. Fig. 19 also reports control 
experiments demonstrating thai FYYD.19.Fc, FFFD. 19 Fc, H24.Q70. 148. Fc and 148. Fc do not 
bind to CHO cells which do not express selectin more than human IgG I alone. 

Fig. 20 compares the binding of FYYD. 19.Fc. FFFD.19.Fc. H24.Q70. 1 48 Fc. I48.Fc. 
and human IgG J to E-selectm expressing CHO cells. Truncation of the iigand protein to the 
degree of FYYD. 1 9. Fc and FFFD.19.Fc substantially reduced E-selectin binding. Alteration of 
the N-hnked glycosyiauon sues in H24.Q70. 1 48. Fc did not significantly affect E-seiectin binding. 
Thus, it was demonstrated that P-selectin ligand proteins composing ammo acids 42 to 60 of SEQ 
ID NO:2 can selectively bind P-selecun. and, to a substantially less, extent E-seiectin. 

Fig. 21 summarizes the results of Figs. 19 and 20. 
G - Conclusio ns Regarding P- and E-Selectin Binding 

Although applicants do not which to be bound by any theory, these data allow several 
conclusion regarding the relationship between P-selectin binding and E-selectm binding by P- 
seiectin ligand proteins. N-Iinked carbohydrates are not required for binding of a P-selectin iigand 
protein to either P- or E-selecun. P-selectin ligand proteins as small comprising as little as amino 
acids 42-60 of SEQ ID NO:2 are capable of binding to P-selectin. and. to a substantially less, 
extent E-selectin. 

Fig. 22 depicts a proposed schematic model for binding of P-seiectm ligand proteins to 
P- and E-selectm O-linked sLe' carbohydrate has been demonstrated to be required for both P- 
and E-selectm binding Data presented herein demonstrate that sulfated tyrosine residues are 
implicated in P-selectin binding, but not E-selectm binding Applicants data also suggests that 
no N-Iinked glvcosylation binding site is required. 



WO 98/08949 



PCT/US97/14I59 



^ Example 1 1 

Examination of Aggregation Phenomena and Dimcr Formation 
in Forms of PSGL-1 

A panel of PSGL- 1 mutants were constructed by site-directed mutagenesis and/or PCR 
amplification with pnmers that introduced a siopcodon. The template for all mutagenesis 
10 experiments was pPL85.RI6 (ATCC 75577. deposited by applicants). 

The first group of mutants (C3 I OS and C327S) encode full-length PSGL- 1 R16 with only 
one amino acid change compared to wild-type PSGL-1 .R16 (Cys to Ser at position 3 ] 0 or 327, 
respectively). COS ceils, co-transfected with pEA.3/4FT and the mutants C310S or C32^S. were 
labeled with ^-methionine. Cell lysates were prepared and the mutant proteins were 
1 5 immunoprecipitated with the P-selectin ligand polyclonal antibody of Example 7(A) and analyzed 
by SDS-polyacryiamide gel electrophoresis under non-reducing and reducing conditions. 

The mutant C327S as well as wild-type PSGL-1.R16 migrated as a homodimer under 
non-reducing conditions and as a monomer under reducing conditions. In contrast, the mutant 
C310S migrated as a monomer both under non-reducing and reducing conditions, indicating that 
20 the cysteine at position 3 1 0 is required for dimer formation of PSGL- 1 . 

Both mutants were also analyzed for their ability to bind to P-selectin. Detergent extracts 
of co-transfected COS ceils were precipitated with the LEC-yl chimera of Example 4(A). The 
precipitates were analyzed by SDS-PAGE under non-reducing and reducing conditions and by 
autoradiography. Both PSGL- 1 .R 1 6 and C327S were efficiently precipitated by LEC-g 1 . whereas 
25 C3 1 OS binding to LEC-y 1 was greatly reduced, indicating that the dimenc form of PSGL- 1 binds 
P-selectin more tightly than the monomenc form. 

The second set of mutants encode soluble forms of PSGL-1. R16 and are listed in Table 
I. The mutant ATM was generated by site-directed mutagenesis and has a deletion of the 
transmembrane domain (amino acids 3 1 3-333) followed by RLSRKA. The mutants L3 1 L L3 1 2. 
30 A3 13. 1314. L315. A3 18 and T322 were generated by site-directed mutagenesis or PCR 
amplication with PCR pnmers that introduced a stop codon in the desired position The name of 
the mutant refers to the C-terminai amino ac:d of each truncated soluble form of PSGL-1 RI6 
The mutants were analyzed according to the following criteria: 

1. Expression and secretion from transfected COS cells 
35 2. Dimer versus monomer formation 

3 Lack of aggregate formation 

- P-selectin binding i LEC-yl chimera) 
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The mutants dT\i and 13 1 6 fulfilled all four criteria. The shorter soluble forms of PSGL- i . such 
as sPSL.QC of Example 5< A >. L3 I I . L3 1 2. A3 I 3. 13 14 and L3 I 5 did not form dimers as well and 
the longer soluble forms of PSGL- 1 , such as sPSL.T? of Example 5(C). A3 1 8 and T322 formed 
high molecular weight aggregates which were less desireable 

CHO cells, already expressing 3/4 fucosyltransferase and Core2 transferase, were 
transfected with psPSL.T7. ATM, 13 1 6 or psPSL.QC and amplified using methotrexate. Stable 
clones were isolated and labeled w.th 35 S-methiomne. Conditioned media was either analyzed 
directly or first precipitated with LEC-y 1 and then analyzed by SDS-PAGE under non-reducing 
and reducing condiuons (Figure 25V The results indicated that ATM and 13! 6 were most efficient 
m dimer formation and P-selectin binding. 



Table I 



Mutant Dimer High MW P-seieccir. 

Formation Aggregates binding 



PSL.QC 

L311 

L312 

A313 

1314 



A3 18 
T322 
ATM 



Example 12 

Specificity of PSGI -1 Binding to P- and E-Selectins 

Matenais A -himenc protein comprising the extracellular domain of human E-selectm 
and the Fc portion of human IgG, was constructed analogously to the P-belectm chimera. LEC-y 1 
descnbed earlier The soluble E-se!ecnn chimera *as expressed ;n baculnv.njs-mrecied 
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10 



Tnchoplusia m high five cells (Invitrogem and puntied to homogeneity by Protein A Sepnarose 
chromatography. Plasmid vectors pEA .3/4 FT. pPL85. pFCD43. and pEA.sPACE. for COS 
expression of aH .3/1 .4 Vfucosy I transferase (Fuc-TIII). PSGL-I. CD43 (leukosiaiin). and soluble 
paired basic ammo acid converting enzyme (PACE), respectively, have been described herein and 
in the literature (SakoetaJ. (1993) Cell 75. 1179-1 186; Rehemtulla, A. & Kaufman. R. J. ( 1992) 
Curr. Optn. Biotechnoi 3. 560-565; Wasley et al. (1993) J. BtoL Chem. 268. 8458-8465). 
Fuc-TVII cDNA (piasmid pMT.FT7) was cloned from an HL60 cDNA expression library using 
oligonucleotide probes derived from the published sequence (Natsuka et al. (1994) Journal of 
Biological Chemistry 269. 16789-16794; Sasaki et al. (1994) J. Biol. Chem. 269, I 4730- 1 4737). 
A polyclonal neutralizing rabbit antibody, Rb3443, was raised against a peptide comprising the 
15 first 15 ammo acids of the mature (PACE-cieaved) N-terminus of PSGL-I . Monoclonal 
anti-CD43 antibodies from either Becton Dickinson or Biodesign International and isotype control 
antibodies were coupled to a solid support consisting of Sepharose TM-4B with a covalemlv 
attached goat affinity-purified antibody to mouse IgG (Cappel, Organon Teknika Corporation; 
Affinity coupling of selectm chimeras and murine antibodies to Protein A Sepharose 4 Fast Flow 
20 (Pharmacia) and to the anti-mouse IgG resin, respectively, was earned out at a ratio of 2 mg 
protein/ml of resin. Antiserum Rb3443 was coupled to Protein A Sepharose at 1 ml/ml resin 
Coupling efficiencies, indicated by micro-BCA assay (Pierce) of the post-reacted supematants. 
were at least 95%. Aprotmin and pepstatm were from Boehnnger Mannheim and benzamidme. 
ieupeptin. and phenylmethylsulfonyl fluoride (PMSF) were from Sigma. 
25 Labeling and Membran e Extraction of Myeloid Cells U937 or HL60 cells grown in 

suspension to a density of -1.3 x 10° ceils/ml were labeled in 50 ml of RPMI1640 medium 
supplemented with 10% fetal bovine serum and 2.5 mCi of 'H-glucosammeHCl (Dupont/NENi 
for 48 nr. Activities of greater than 1 cpm/cell were routinely obtained by this technique. The 
labeled cells were washed with PBS. resuspended in cell lysis buffer < 10 mM MOPS. 150 mM 
30 NaCl, 4 mM CaCl : and 4 mM MgCl : . pH 7.5 containing protease inhibitors 20 mg/ml aprotmin. 
10 mM benzamidme. 20 mg/ml Ieupeptin. 8 mg/ml pepstatm. and 10 mM PMSF) and subjected 
to several cycles of probe sonication on ice Nuclei and cell debris were removed by low =,peed 
centnfugation and the cell membranes recovered from the supernatant by centnfugation at 
lOO.OOOg RCF for 1 hr. washed by resuspension and high speed centnfugation m cell lysis buffer 
35 containing 1 M NaCL and finally resuspended in 3 ml membrane solubilization buffer tcsll lysis 
buffer containing 1% Tnton X-100) Several cycles of sonication and incubation on ice were 
employed to solubilize the membrane fraction. Finally, a low speed centnfugation step was 
employed to remove insoluble membrane residue 
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Labeling and Membrane Extractio n of Transfected COS Cells COS M6 cells were 
transfected using DEAE-dextran and chloroquine (25) employing 8 ug c f piasmids pPLS5 or 
pFCD43 and 4 M g of pEA.sPACE. as well as 4 ug of pEA.3/4FT or pMT.FTT. After 40-45 hr 
recovery the transfected cells were starved in serum-and methionine-free DME medium for 30 
min and then fed [ M S]-methionme in serum-free DME for 5 hr The labeled cells were washed, 
incubated with EGTA to loosen them from the dish surface, scraped from the dish, pelleted, and 
suspended in cold lOmM PIPES buffer, pH 7.5, containing 100 mM KCI, 3 mM NaCl. 3 5 mM 
MgCU. and protease inhibitors (see above). Membrane extraction then was earned out by 
sonication. low speed centnfugation, high speed centnfugauon. and solubilization in membrane 
lysis buffer as above, for labeled myeloid cells. 

Affinity Precipitations. Membrane extracts were diluted 1 :4 or i ;5 with cell lysis buffer 
or with TBSC buffer (20 mM TnsHCI. 150 mM NaCl. 2 mM CaCL P H 7.5) supplemented wuh 
5 me/ml bovine serum albumin (approximately 99%, Sigma). Extracts thus diluted to 0.2-0.25^ 
Tnton X-100 were incubated with human IgG. -Protein A Sepharose with end-over-end mixms 
at 4°C overnight. The precleared supernatants then were reacted for 6- 1 2 hrs at 4°C with Protein 
A Sepharose precoupled with E-or P-seiectin chimeras, control human IgG,, Rb3443 or with 
rabbit pre-immune serum or with anti-CD43 antibody or isotype control precoupled to goat 
anti-mouse IgG Sepharose. The resins were washed 5 or more times in buffer containing 0. 1 -0.5% 
Tnton X-I00 until the radioactivity of the wash supernatants was reduced to background level. 
Elution of proteins bound specifically to P-or E-selectin resins was accomplished with 10 mM 
EDTA or 5 mM EDTA/5 mM EGTA at room temperature or by boiling in SDS-PAGE sample 
buffer (Laemmh. U. K (1970) Nature 227. 680-685). whereas elution of proteins bound to 
antibody resins was achieved exclusively by the latter means For resolution under reducing 
conditions, dithiothreitol was added to the sample buffer to a final concentration of 100 mM 
Samples thus prepared were resolved by SDS-PAGE on 7 5% gels, treated with Enhance 
• Dupont). dned, and exposed to autoradiographv film. 

For sequential affinity capture experiments, membrane extracts were precleared. affinitv 
precip.tated with P-or E-selecun or human IgG,. and washed as aoove Samples then were eluted 
twice from the resins with 5 mM EDTA m 10 mM MOPS. 150 mM NaCl. P H 7 5 for 1 hr at 4 C 
with rumbling. The first and second eluates were combined and then immunoprecipitated with 
immobilized Rb3443 according to the protocols outlined above 
RESULTS 

Soluble E-and P-selecun chimeras were used, in parallel with control human IgG. to 
probe detergem-soiubihzed membrane extracts of 'H-glucosamine-labeted cells as described 
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under "Methods' Examination of eluates from the immobilized seiectms bv 
SDS-PAGE/autoradiography tFig. 26) revealed the presence m both P-and E-selecnn eiuates of 
a major protein species with tdemical electrophoretic propenies: Mr 200-kDa non-reduced with 
conversion to a species of Mr 1 20-kDa following reduction (Fig. 26, lanes 2 and 3. respectively). 
Occasionally, additional bands were observed in both E-and P-seiectin eluates presumably 
corresponding to this major band and reflecting the presence of naturally reduced material (the 
1 20-kDa species in non-reduced samples) and incomplete reduction (the 200-kDa species m 
reduced samples). Additionally, a trace band of Mr 1 50-kDa in the E-selectin eluate which was 
unaffected by reduction with DTT was occasionally observed. No bands were observed m control 
experiments using immobilized human IgG, (Fig. 26, lane I ) or where elution of selectin resins 
was performed in the absence of EDTA or SDS (data not shown). Essentially idemical results 
were obtained using HL-60 cells (data not shown). Hence, the narure of these recognition events 
is interpreted to be specific metal-dependant interactions of these proteins with the respective 
selectins, presumably via the lectin domains (Lasky. L. A. (1992) Science 258. 964-969; 
Dnckamer, K. (1988) J. Biol. Chem. 263. 9557). 

The metal-dependant recognition and electrophoretic behavior of the major band 
precipitated with E-selectin was consistent with the properties of the previously identified 
P-selectm counterreceptor. P-selectin glycoprotein ligand or PSGL-1 (Moore et al. (1994) J. Btoi 
Chem. 269. 23318-23327; Moore et al. (1992)/ Cell Biol. 118,445-456; Sako et al.). 

To assess whether this species was indeed PSGL-1, EDTA eluates of the both E-and 
P-selectin precipitates were subsequently reacted with the PSGL-1 specific polyclonal antiserum 
Rb3443. As shown in Fig. 27. the major band isolated by affinity caprure with either seiectm was 
immunoprecipitated using this antiserum (lanes 3 and 4. respectively). No species were detected 
after immunoprecipitntion of the control IgG, EDTA eluate (Fig. 27, lane 5) Direct 
immunoprecipations using fresh 'H-Iabeled U937 membrane extracts confirmed the specificity 
of Rb3443: precipitation with Rb3443 results in the recovery of a single band with the 
electrophoretic properues of PSGL-1 (Mr 200-kDa non-reduced. Mr 1 20-kDa reduced, Fig. 2". 
lane 2) whereas precipitation with pre-tmmune antiserum fails to capture any material (Fig. 2". 
lane 1 ). These results indicate that the major protein species specifically captured from myeloid 
cells by both E-and P-selectins is PSGL-1. 

To further assess the specificity of E-seiectm for PSGL- 1 . U937 membrane lysates were 
probed directlv for the presence of CD43 (or leukosialmi. an abundant cell surface 
siaiogiyecprocein known to bear the major portion of myeloid ceil SLe x residues t Maemura. K. 
& Fukuda. M (1992) J Biol. Chem. 267. 24379-24386. Thus, membrane extracts of 
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H-glucosamme-labeled L'937 cells were probed w„h an am,-CD43 unt.bod> .n parallel w,,h the 
PSGL- 1 specific antiserum Rb3443 and control antibodies as descnbed under "Methods " From 
identical quanm.es of membrane lysate. the CD43 antibody prec.p.tated ,n excess of 30-fold 
greater radioactive counts than did the PSGL-1 antiserum. Evaluation of the immunoprec.pitates 
by SDS PAGE/autoradiography (Fig. 28) revealed a s.ngle specific band for each ant.body. 
Rb3443 captured a s.ngle species with the electrophoretic characteristics of PSGL- 1 (Fig. 28. 
Lane 2). In contrast, the CD43 antibody precipitated a species with an Mr 120-kDa which was 
insensit.ve to reduction (Fig. 28. Lane 4). consistent with the absence of cysteine in CD43. 
Immunoprecipitations with control antibodies (Fig. 28. lanes 1 and 3) proved negative as 
expected There appears to be considerably greater quantities of CD43 than PSGL- 1 m U937 
cells, consistent with the quanutation of these proteins in HL-60 cells (Ushiyama et al. (1993) / 
B.ol. Che,n. 268. 15229-15237). Thus, the inability of E-selectm to preapitate CD43 from 
myeloid cells does not appear to be due to its absence in these ceil lines. While we cannot exclude 
' the possibility^ that r E-selectin captures trace quantities of CD43 (le.. the low-intensity Mr 
1 20-kDa band in Fig. ik. non-reduced lane 3 which ,s also consistent with monomer^ PSGL- 1 ). 
PSGL- K appears to be the rqajor protein precipita'ted.from JnyVwid'membrane exracts. 

Recombinant PSGL- 1 expressed in COS cells is best achieved with cotransfect.on of the 
PSGL- 1 cDNA with a cDNA encoding an a( 1 .3/1 .4)fucosy (transferase (Fuc-Tin) for P-se!eciin 
binding (Sako et al ). Interestingly, initial efforts to demonstrate E-select,n recognition of 
recombinant PSGL-1 failed: E-selecfn was unable to capture the counterreceptor from 
cotransfected COS cell' membrane ly sates under conditions where P-select,n capture was 
successful One interpretation of this resA is that Fuc-TIII was able to modify -combinant 
PSGL- 1 V for recognition by P-se!ect.n but was unable to replicate the appropnate modification, s > 
found ,rj myeloid PSGL-1 necessary for E-selectm recognition. The recent cloning of a mvelo.d 
fucosyltransferase. Fuc-TVn (Natsuka et al. (1994) Journal of Bmln? tC a! Chemisir.- 269. • 6"S9- 
16794; Sasaki etaJ. (1994)/ Biol. Chem. 269. 1 4730- 14737 ,. that ,s also capable of generating 
SLe x carbohydrate structures, allowed evaluation of this interpretation 

COS cells were cotransfected with cDNAs encoding either PSGL- 1 or CD43 and either 
F'jc-TrO or Fuc-TVn. Membrane lysates were prepared from the transtected COS cells and these 
were precipitated with either immobilized E-or P-seleci.n chimeras or with antibodies to either 
PSGL- 1 or to CD43 The precipitated products w ere evaluated by SDS-PAGE/autoradiographv 
following their release by EDTA/EGT.A (for selectin mediated b.nd.ng, or bv boiling ,n SDS (for 
immuncprecipitationsi The results are shown in Fig 29 
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5 As observed in Fig 2 Q A. E-selectin capture of COS-expressed PSGL-1 was dependant 

upon the nature of the fucosy i transferase used m the transfection. in three separate experiment*. 
Fuc-TVII. but not Fuc-TIII. supponed PSGL-1 precipitation by E-selectin. The inability of 
Fuc-TIII to confer E-selectm reactivity to PSGL-1 cannot be attributed to a lack of PSGL-1 
expression as the specific antiserum Rb3443 immunoprecipated significant and comparable 
10 quantities of PSGL-I from both Fuc-TITT and Fuc-TVII transfections (Fig 29C). Furthermore. 
P-selectin was capable of precipitating equivalent quantities of PSGL-1 with either 
fucosyltransferase (Fig. 29B), demonstrating that Fuc-TIII and Fuc -TVII axe expressed and active 
m these cotransfections. 

Within the COS recombinant expression system as in myeloid cells, hish-affmity 
15 E-selectin recognition was also dependent upon the presence of an appropriate polvpeptide. 
Although the polypeptide length, apparent molecular weight, and high frequency and specific 
types of posttransiational modifications are similar in CD43 and PSGL-I fMaemura, K. & 
Fukuda, M. (1992) J. Biol. Chem. 267. 24379-24386), neither fucosyltransferase was able to 
confer high-affinity E-selectin (or P-selectin) recognition to recombinant ieukosiahn in 
20 cotransfected COS ceils (Fig 29A). Immunoprecipitations with the anti-CD43 antibody indicate 
that comparable quantities of leukosialin were expressed in both Fuc-TIII and Fuc-TVII 
cotransfections (Fig. 29C). The failure of E-selectin to capture CD43 was not due to lack of 
fucosyltransferase activity within the cotransfected COS cells. FACS analysis of COS cells 
transfected with either PSGL-1 or CD43 and either Fuc-TIII or Fuc-TVII all show high levels of 
25 reactivity with the SLeX specific antibody CSLEX-I. Therefore, these results suggest that 
high-affinity E-selectin recognition requires the presence of a specific polvpeptidet s ) that is 
appropriately modified by a specific fucosyltransferase. 

Example 13 

30 Inhibition of P-Selectin/PSGL-1 Binding 

bv PSGL-1 Derived Peptides 

A number of peptides derived from the sequence of PSGL- 1 (SEQ ID NO 2) a ere tested 
for their ability to inhibit P-seiectin/PSGL- 1 binding. The tested peptides are listed in F12. 30 
Inhibition was tested according to the following protocol. The wells of a 96 well plate 
35 were coated overnight at 4°C with PSGL-1 in 50 pi of 10 mM MOPS. 150 mM NaCL 1 mM 
CaCK. 1 mM MgCL at pH 7.5. After removal of the liquid from the wells, I 50 ul of 10 mM 
MOPS. 1 50 mM NaCl. 1 mM CaCl : . 1 mM MgCL, 0.05^ tween-20. 0.05% gelatin at oH 7 5 was 
added per well to block the unoccupied sues After 1/2 hr to 2 hr the block buffer was removed 
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from me wells and I 00 ul or a complex of Lec-y I , P-selecun-human IgG Fc chimera H 2 ug/ml 
b.otmv fated goat anti-human antibody, and strepta vdin-comugated alkaline phosphatase , which 
had been allowed to tumble at room temperature for 30 minutes to I hour) plus any potential 
inhibitors were added per well. Each plate was shaken and rapped to remove the block from plate. 
The incubation proceeded for ] hr at room temperature rotating in the dark. The unbound 
complex was washed off the plate with two 150 ui portions of 10 mM MOPS, 150 mM NaCI, 
I mM CaCL. I mM MgCL 0.05% tween-20 followed by 150 pi of IM diethanolamine. 0 5 mM 
MgCL The chromogenic substrate for alkaline phosphatase, PNPP, in 10 mM DEA/0 5 mM 
MgCL was added and the plate is then read at 405 nm. 

The results of these assays are reported in Fig 30 The peptides comprising amino acids 
48-5 1 (m which the tyrosine residues have been phosphorylated) and amino adds 42-56 of SEQ 
ID NO 2 provided particularly desirable results. 



Example 14 
Purification of a Soluble Form of PSGL-1 

Substantial purification of a soluble form of P-selectm Iigand protein has been achieved 
according to the protocl described below. 

A soluble P-selectin Iigand protein. 13 1 6 (amino acid 42 to amino acid 3 1 6 of SEQ ID 
NO:2) was expressed in CHO cells as described herein. CHO cell conditioned media was 
concentrated with a PeJIicon ultrafiltration membrane unit fMilliporet with either 10.000 
molecular weight cutoff (MWCO) or 30.000 MWCO to about 10 times the original concentration. 
Tne buffer was then exchanged into 25 mM Tns. 1 mM CaCL, pH 7.4. 

The buffer-exchanged concentrate was loaded onto a Toyopearl QAE 5 50C iTosoHuasi 
column. Alternatively, the buffer exchange step can be omitted and the concentrate can be diluted 
one part concentrate to three pans 25 mM Tns, ImM CaCL. P H 7.4. and then loaded onto the 
coiumn. Tne coiumn was washed with 5-10 coiumn volumes (CVi of 25 mM Tns. ImM CaCL. 
pH7.4at4°C. 

The P-selectm hgand protein eiuted from me column with a linear NaCl gradient <0 M 
NaCl to I 0 M NaCl , in the 25 mM Tns. i mM CaCL, P H 7 4 buffer ,n approximately fue column 
volumes Two peaks were eiuted from the coiumn. The second peak contained the P-.electm 
hgand protein and was collected in bulk. 

The peak from the QAE coiumn was concentrated with a tangential How ultrafiltration 
membrane ( Milhpore » with a 30.000 MWCO and was then buffer exchanged into 25 mM Tns. 
150 mM NaCl, ImM CaCL, pH 7 4 at 4 J C 
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10 



20 



30 



The buffer exchanged concentrate was loaded onto a Jacaim Agarose column overnight 
at 4°C The column was washed w ith the diafiltration buffer and the P-seiectm lieand protein w as 
eiuted with a gradient of methyl a-D-galactopyranoside iO-IOO mM or )-5Q mM methvi ct-D- 
gaJactopyranoside) at 20°C. Fractions from the Jacaim column were analyzed bv SDS-PAGE and 
the purest fractions were pooled. 



Example 15 
P-Selectin Ligand Protein Fusions 

Four fusions of a P-selecun ligand protein with a different ammo acid sequence were 
constructed: 47. Fc, 47. AGP. 47. BMP and 47.IL1 1 . 
15 47 Fc: A cDNA was constructed encoding the signal peptide, PACE cleavage site and 

first 47 ammo acids of the mature P-selectm ligand sequence fused to a mutated Fc region of 
human IgGl at His224 of the native Fc sequence. The sequence of the cDN A construct is 
reported as SEQ ID NO:35. The fusion point is a a novel Noil site at nucleotide 26 1 The amino 
acid sequence encoded by the cDNA construct is reported as SEQ ID NO:36. The mature amino 
acid sequence of the encoded fusion protein begins at ammo acid 42 of SEQ ID NO: 36. The 
mutations in the Fc portion were a change of Leu 234 and Gly237 of the native Fc sequence to 
Ala. 

47 AGP: A cDNA was constructed encoding the signal peptide. PACE cleavage site and 
first 47 amino acids of the mature P-selectin ligand sequence fused to the first leucine residue of 
mature human AGP. The sequence of the cDNA construct is reported as SEQ ID NO 3" The 
fusion point is a a novel NotI site at nucleotide 261 . The ammo acid sequence encoded by the 
cDNA construct is reported as SEQ ID NO:38 The mature ammo acid sequence of the encoded 
fusion protein begins at amino acid 42 of SEQ ID NO:38 

47. BMP: A cDNA was constructed encoding the signal peptide. PACE cieavaee site and 
first 47 amino acids of the mature P-selectm lieand sequence fused to the sequence of mature 
human BMP-2 (with its first 8 ammo acids deleted). The sequence of the cDN'A construct is 
reported as SEQ ID NO:39. The fusion point is a a novel NotI site at nucleotide 26 ! The amino 
acid sequence encoded by the cDNA construct is reported is SEQ ID NO 40 The mature ammo 
acid sequence of the encoded fusion protein begins at amino acid 42 of SEQ ID NO 40. 
35 £ULIi A cDNA was constructed encoding the signal peptide, PACE cleavage ^ue and 

first 47 amino acids of the mature P-selectin ligand sequence fused to mature human IL- 1 1 The 
sequence of the cDNA construct is reported as SEQ YD NO -4 1 The fusion point is a a novel NotI 
site at nucleotide 261. The amino acid sequence encoded b\ the cDNA construct is reported as 
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SEQ ID NO: 42. The mature ammo acid sequence of the encoded fubion protein begins at amino 
acid 42 of SEQ ID NO: 42. 

Patent and literature references cited herein are incorporated as if fully set forth 
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:i: APPLICANT: Larsen, Glenn 
Sako . Dianne 
Chang , Xiao Jia 
Veldman, Geercruida M. 
Cumming , Dale 
Kumar , Ravmdra 
Shaw, Gray 

ill) TITLE CF INVENTION: NOVEL P-SELECTIN LIGAND PROTEIN 

.'ill; NUM3ER CF SEQUENCES: 4 2 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE; LEGAL AFFAIRS 

IB) STREET: 3 7 CAMBRIDGE PARK DRIVE 

( C ) CITY : CAMBRIDGE 

( D ) STATE: MA 

(E) COUNTRY: USA 

(F) ZIP: G2I4C 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC - DOS /MS - DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA : 
[ A ) APPLICATION NUMEER : 
IB) FILING DATE: 
I C ) CLASSIFICATION : 

vi, PRIOR APPLICATION DATA: 

'. A ; A? PL I CAT I ON NUMBER : US 0 7 ? -5 5 . 6 5 2 
(3) FILING DATE; 25 -OCT- 1992 

vi i, PRIOR APPLICATION DATA ; 

(A j APPLICATION NUMBER . US j$ ■ 112.528 

(3) fili:;g date: 0 5-aug-:993 

vi.' PRIOR APPLICATION LATA: 

IAj APPLICATION NUMBER : PCT .' US 9 3 12 16 8 
( 3 ) FILING DATE: 22-2CT-19?3 

vii; PRIOR APPLICATION DATA: 

f A ) APPLICATION NUMBER : US 03/235,393 
■IB) FILING DATE: 2 3 - A ? R - 1994 

PRIOR APPLICATION LATA: 
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'. vn) PRIOR APPLICATION DATA: 

(A; A? PL! CATION NUMBER: 03 C 9/423, 734 

(B) F I L ING GATE: 2 5 -APR- 19 95 

(viii) ATTORNEY/AGENT INFORMATION: 
(A) NAME: BROWN, SCOTT A. 
(3) REGISTRATION NUMBER: 3 2,72 4 

(C) REFERENCE /DOCKET NUMBER: GI 5213 F 
(IX) TELECOMMUNICATION INFORMATION : 

(A) TELEPHONE : (617) 498-8224 
( 3 ) TELEFAX : (517) 876-5851 



2) INFORMATION FOR SEQ ID NO : 1 : 

(1) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 1649 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(il) MOLECULE TYPE: cDNA 



(vi) ORIGINAL SOURCE : 

(A) ORGANISM: Homo sapiens 

( G ) C ELL TYPE : Promye locyte 

(H) CELL LINE: HL60 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: PMT21 : PL85 



(IX) FEATURE: 

( A ) NAME / KEY : 5 ' UTR 

(B) LOCATION ; 1 . . 59 



'.ix) FEATURE : 

•A) NAME / KEY : CCS 

■: 3 ) LOCATION : 60 .. 1253 



(ix) FEATURE: 

t A> NAME/ KEY 2 ■ UTR 

( 3 ) LOCAT I C N : 1 2 5 ? . . 1 5 4 9 



;xi; SEQUENCE 2ESCRIPTION: SET IT NO:!. 

GCTACTTCTT CTGGGCCCAC GAGGCAGCTG ~CCCATGCTC TGCTGAGC AC GGTGGTGCC 

ATG CCT CTG CAA CTC CTC CTG TTG CTG ATC CTA CTG GGC OCT GGC AAC 

Met Pre Leu Gin Leu Leu Leu Leu Leu lie Leu Leu Gly Pro Gly Asn 
15 10 15 
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_ . — - * --> - - • ~ — — ■ ^» ^j^^ ju rt^rt ^ oCC a c c 

::■/ Pro Leu leu Ala Arg Asp Arg Arg Gin Ala Thr 



35 40 45 

CTA GAT TAT GAT TTC CTG CCA GAA ACG GAG CCT CCA GAA ATG CTG AGG : 5 ; 
leu Asp Tyr Asp Phe Leu Pro Glu Thr Glu Pro Pro Glu Met Leu Arg 

50 55 60 

AAC AGC ACT GAC ACC ACT CCT CTG ACT GGG CCT GGA ACC CCT GAG TCT 2 99 

Asn Ser Thr Asp Thr Thr Pro Leu Thr Gly Pro Gly Thr Pro Glu Ser 

65 70 75 80 

ACC ACT GTG GAG CCT GCT GCA AGG CGT TCT ACT GGC CTG GAT GCA GGA 3 4^ 

Thr Thr Val Glu Pro Ala Ala Arg Arg Ser Thr Gly Leu Asp Ala Gly 

85 90 95 

GGG GCA GTC ACA GAG CTG ACC ACG GAG CTG GCC AAC ATG GGG AAC CTG 2 95 

Gly Ala Val Thr Glu Leu Thr Thr Glu Leu Ala Asn Men Gly Asn Leu 

100 1Q5 110 



TCC ACG GAT TCA GCA GCT ATG GAG ATA CAG ACC ACT CAA CCA GCA GCC 
Ser Thr Asp Ser Ala Ala Met Glu lie Gin Thr Thr Gin Pro Ala Ala 
115 120 125 



CGA CTG ACG GCC ACG GAG GCA CAG ACC ACT CCA CTG GCA GCC ACA GAG 

Arg Leu Thr Ala Thr Glu Ala Gin Thr Thr Pro Leu Ala Ala Thr Glu 

145 150 155 160 

GCA CAG ACC ACT CCA CCA GCA GCC ACG GAA GCA CAG ACC ACT CAA CCC 

Ala Gin Thr Thr Pro Pro Ala Ala Thr Glu Ala Gin Thr Thr Gin Pro 

155 170 1^5 

AHA GCC CTG GAG GCA CAG ACC ACT GCA CCA GCA GCC ATG GAG GCA CAG 

Tnr Gly Leu Glu Ala Gin Thr Thr A^a Pro Ala Ala Met Glu Ala Gin 

130 135 i 90 

ACC ACT GCA CCA GCA GCC ATG GAA GCA CAG ACC ACT CCA CCA GCA GC~ 

Thr Thr Ala Pro Ala Ala Met Glu Ala Gin Thr Thr ?rz Pro A. a A ' a 

19 5 2 0 C - " = 



:io 



J ^- n „^G ACC ACT CAlA A-^C A^A o^_C ATG 
Ala Gin Thr Thr Gin Thr Thr Ala Met 
215 



GCA CCA GAA GCC ACG GAG GCA CAG ACC ACT CAA CCC ACA GCC ACG GAG 
Ala Pro Glu Ala Thr Glu Ala Gin Thr Thr Gin Pro Thr Ala ^ - 
225 230 235 



;CA CAG ACC ACT CCA CTG GCA GCC ATG GAG 
•.la Gin Thr Thr Pro Leu Ala Ala Met Glu 



443 



ACG GAG GCA CAG ACC ACT CCA CTG GCA GCC ACA GAG GCA CAG ACA ACT 4 91 

Thr Glu Ala Gin Thr Thr Pro Leu Ala Ala Thr Glu Ala Gin Thr Thr 
130 135 140 



539 



s\ i a _ e 
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A3 ~ 3CC CTG TCC ATG GAA CCT ACC AAA AG A GGT CT^G 

oer - _ a Th r G - u A ^ a Leu Ser G 1 u D - o ~ - - ■ . - ^ a - ~ — 

* ' ~" ~ - — • — - j ° • - - - ^ j- y ^ e u 



.50 



TTC A7A CCC TTT TCT GTG TGC TCT GTT ACT CAC AAG GGC A. 4 . 
?he He Pro Phe Ser Val Ser Ser Val Thr His Lys Gly He Pro Me: 



— 5 2S0 



235 



GCA GCC AGC AAT TTG TCC GTC AAC TAC CCA GTG GGG GCC CCA GAC CAC 
Ala Ala Ser Asn Leu Ser Vai Asn Tyr Pro Val Gly Ala Pro Aso " 

inn ___ -** 



290 295 300 



IS 



ATC TCT GTG AAG CAG TGC CTG CTG GCC ATC CTA ATC TTG GCG C^G GTG 

lie Ser Val Lys Gin Cys Leu Leu Ala He Leu lie Leu Ala : ~u ^ 

305 310 315 

GCC ACT ATC TTC TTC GTG TGC ACT GTG GTG CTG GCG GTC PGC C~C T— 

Ala Thr He Phe Phe Val Cys Thr Vai Val Leu Ala Val Arg Leu Ser 

325 330 235 

CGC AAG GGC CAC ATG TAC CCC GTG CGT AAT TAC TCC CCC ACC GAG 
Arg Lys Gly His Me: Tyr Pro Val Arg Asn Tyr Ser Pro Thr G^u 
340 345 350 

GTC TGC ATC TCA TCC CTG TTG CCT GAT GGG GGT GAG GGG CCC TCT GCC 
Val Cys He Ser Ser Leu Leu Pro Asp Gly Gly Giu Gly Pro Ser Ala 
355 360 355 

ACA GCC AAT GGG GGC CTG TCC AAG GCC AAG AGC CCG GGC CTG ACG C-A 
Thr Ala Asn Gly Gly Leu Ser Lys Ala Lys Ser Pro Gly Leu Th- Pro 
370 375 380 

GAG CCC AGG GAG GAC CGT GAG GGG GAT GAC CTC ACC CTG TAC AGC T~C 
Giu Pro Arg Glu Asp Arg Glu Gly Asp Asp Leu Thr Leu His s e - ^he 

3 3 5 390 i q z ~ 

- ~ - j 

leu ?r: ^" "* ~ 

TGGGGATGGG GATCTTCAGG GAAGGAACTC TGGCCACCCA AACAGGACAA GAGCAGC CTC 

CACATTTCAG CCGAGGTCCA AGGCAGGAGG CCATTTACTT GAG AC AG ATT cr ™.~ c — 

TCTCC CCGCTTCTCC 



— ljiCC:: CATCTTCTCT GGGTCCCTCT AACATCTCCC AC 



923 



971 



1153 



1211 



.49: 



lTGTACC c AAGG 
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■ r\ : u c * w . : -t j ^ a.Tir.c arias 

■ p. rvpr _ amino acid 
; - } TOPOLOGY : lir.ear 

-.11) MOLECLLE TYPE: protein 

(xi ) SEQUENCE DESCRIPTION; SEQ ID NO : 2 : 

Met Pro Leu GIr. Leu Leu Leu Leu Leu lie Leu Leu Giy Pro Gly Asn. 
-5 10 15 

Ser Leu Gin Leu Trp Asp Thr Trp Ala Asp Glu Ala Glu Lys Ala Leu 

2 0 2 5 3 0 

Gly Pro Leu Leu Ala Arg Asp Arg Arg Gin Ala Thr Glu Tyr Glu Tyr 
35 40 45 

leu Asp Tyr Asp ?he Leu Pro Glu Thr Glu Pro Pro Glu Met leu A-g 

53 55 60 

Asn Ser Thr Asp Thr Thr Pro Leu Thr Gly Pro Gly Thr Pro Glu Ser 
65 7C 75 Qo 

Thr Thr Val Glu Pro Ala Ala Arg Arg Ser Thr Gly Leu Asp Ala Gly 
85 90 95 

Gly Ala Val Thr Glu Leu Thr Thr Glu Leu Ala Asn Met Gly Asn Leu 
100 105 110 



Ser Thr Asp Ser Ala Ala Met Glu He Gin 
115 12C 



?hr GIr. Pro Ala Ala 



;iu Ala Gin Thr Thr Pro Leu Ala Ala Thr 
-31 135 



? . u ^ a 



15 1 



Ala Gin Thr Thr Pro Pro Ala Ala Thr Glu Ala Gin Tr 

165 170 

Thr Gly leu Glu Ala Gin Thr Thr Ala ?r; Ala Ala Ms 

13 0 ] as 



7 h r Ala Pro Ala A _ a Met 01- 

19 5 2 3 0 



Met Glu Ala Gin Thr Tnr Gin Thr Thr Ala Met Glu Ala Gin Th- ~y 
210 215 223 

Ala Pro Glu A _ a Tnr G 1 - Ala Gin Thr T h r G " n - ~ ~ — ;i ^ ^ « - r.' 



-ro „eu .-.^a 
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Ser Ala Thr Glu Ala Leu Se: Mec Glu Fro Thr Thr lys Ar; Gly Leu 
260 265 270 

?he lie Pro Phe Ser Val Ser Ser Va 1 Thr His Lys Gly lie Pro Mec 
275 280 2S5 

Ala Ala Ser Asn Leu Ser Val Asn Tyr Pro Val Gly Ala Pro Asc His 
290 295 300 

He Ser Val Lys Gin Gys Leu Leu Ala lie Leu lie Leu Ala Leu Val 
305 31C 315 320 

Ala Thr lie Phe Phe Val Gys Thr Val Val Leu Ala Val Arg Leu Ser 
325 330 335 

Arg Lys Gly His Mec Tyr Pro Val Arg Asn Tyr Ser Pro Thr Glu Met 
340 345 35C 

Val Gys lie Ser Ser Leu Leu Pro Asp Gly Gly Giu Gly Pro Ser Ala 
355 360 365 

Thr Ala Asn Gly Gly Leu Ser Lys Ala Lys Ser Pro Gly Leu Thr Pro 
370 375 380 

Glu Pro Arg Giu Asp Arg Glu Gly Asp Asp Leu Thr Leu His Ser 

385 3 ^0 395 400 

Leu Pro 



INFORMATION FOR SEC 13 NO : 3 : 

: i - SEQUENCE CHARACTER I STICS : 

Ai LENGTH: 1123 base pairs 
■3) TYPE: nucleic acid 
(C) STRANEEDNESS . single 
ID) TOPOLOGY: linear 

-i: MOLECULE TYPE: oTNA is'./r.rhe:::; 

v:; ORIGINAL SOURCE : 

(A) ORGANISM; Hero sapiens 
' G ) CELL TYPE. placsn:a 

; ix I FEATURE : 

(A) NAME /KEY: CCS 

( 3 } LOCATION : 1 . . 12 3 9 



CAA CTC 
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rt ~ '- * - ° ^-A^ CTj . G\j uAC ACC T 3 G G^A ^ A T GAA oCC uAG AAA GCC TTG ?6 
Ser leu 3 In Leu Trp Asp Thr Trp Ala Asp Glu Ala Glu Lys Ala Leu 
20 25 30 

GGT CCC CTG CTT GCC CGG GAC CGG AGA CAG GCC ACC GAA TAT GAG TAC 144 
Gly Pro Leu Leu Ala Arg Asp Arg Arg Gin Ala Thr Glu Tyr Glu Tyr 
35 40 45 

CTA GAT TAT GAT TTC CTG CCA GAA ACG GAG CCT CCA GAA ATG CTG AGG 193 
Leu Asp Tyr Asp Phe Leu Pro Glu Thr Glu Pro Pro Glu Me- Leu Arg 

50 55 60 

AAC AGC ACT GAC ACC ACT CCT CTG ACT GGG CCT GGA ACC CCT GAG TCT 2 4C 

Asn Ser Thr Asp Thr Thr Pro Leu Thr Gly Pro Gly Thr Pro Glu Ser 

5 '5 70 75 80 

ACC ACT GTG GAG CCT GCT GCA AGG CGT TCT ACT GGC CTG GAT GCA GGA 135 
Thr Thr V a 1 Glu Pro Ala Ala Arg Arg Ser Thr Gly Leu Asp Ala Gly 
35 90 95 

GGG GCA GTC ACA GAG CTG ACC ACG GAG CTG GCC AAC ATG GGG AAC CTG 3 35 

Gly Ala Val Thr Glu Leu Thr Thr Glu Leu Ala Asn Met Gly Asn Leu 
100 105 no 

TCC ACG GAT TCA GCA GCT ATG GAG ATA CAG ACC ACT CAA CCA GCA GCC 3 84 

Ser Thr Asp Ser Ala Ala Met Glu lie Gin Thr Thr Gin Pro Ala Ala 



115 120 



_ ^ D 



ACG GAG GCA CAG ACC ACT CAA CCA GTG CCC ACG GAG GCA CAG ACC ACT 4 32 

Thr Glu Ala Gin Thr Thr Gin Pro Val Pro Thr Glu Ala Gin Thr Thr 

-30 135 140 

— - — - — ~ ^- — ^ — _ ,-\ G o G ^_ A CAG ACA ACT C G A CTG A 3 3 3 C 

Pro Ala A. a Thr Glu Ala Gin Thr Thr Arg Leu Thr Ala Thr Glu 

GCA 3 AG ACC ACT CCA CTG GCA GCC ACA GAG GCA CAG ■ ACC ACT CCA CCA 

A j. a 3 1 r. Thr Thr Pro Leu Ala Ala Thr Glu Ala 3 . r. Thr Thr Pro ? r r 

GCA CCC ACG GAA GCA CAG ACC ACT CAJk CCC ACA CCC CTC CAG GCA CAG 

-20 155 " 

ACC ACT GCA CCA GCA GCC ATG GAG GCA CAG ACC ACT GCA CCA GCA GCC 

Thr Thr Ala Pro Ala Ala Met Glu Ala Gin Thr Thr Ala Pro Ala Ala 

135 20 0 2C5 



LA CAG 



.^_a ^-.n Tnr Thr r^ro Pro Ala Ala Met 



> - u rtia _ r 
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3'5 33o 



-AO O 



GC AAG AC 



. u ^ o^^_ C.j A G 13 A A 3 7 7 7 A 3 7 3 A 3 3 A 3 7 3 ~* 

/s Ala Lys Ser Pro G iy Leu Thr ?r; 3. 1 - = - - 1 - - ~ ■ . ^ ^ „ 

73 3A7 3 AC CTC AC 3 CTG 3 AC A37 7~C 1TC 777 7A 3 

:y Asp As? Leu Thr Leu His 3er ?r.e leu 

4 0 5 4 : : 



758 



816 



GAA AC AC A G.3 A.G GAG GCA 3 A3 ACC A 77 GCA CCA 3AA 3C3 A73 GAG 

- r ?hr A * a Met G - A:a — -a Pro G_ Ala Thr Glu 

- 5 233 2 3 5 240 

GCA CAG ACC ACT CAA CCC ACA GCC ACG GAG GCA CAG ACC ACT CC\ CTG 
Ala Glr. Thr Thr Gin Pro Thr Ala Thr Glu Ala Gin Thr Thr P^o Leu 
245 250 255 

GCA GCC ATG GAG GCC CTG TCC ACA GAA CCC AGT GCC ACA GAG GCC CTG 
Ala Ala Met Glu Ala Leu Ser Thr Glu Pro Ser Ala Thr Glu Ala r eu 
260 265 270 

TCC ATG GAA CCT ACT ACC AAA AGA GGT CTG TTC ATA CCC TTT T^~ G~G 

3er Met Glu Pro Thr Thr Lys Arg Gly Leu ?he He Pro Phe Ser Val 
275 280 285 

TCC TCT 3TT ACT CAC AAG GGC ATT CCC ATG GCA GCC AGC AAT TTG TCC 
Ser Ser Val Thr His Lys Gly lie Pro Met Ala Ala Ser Asn Leu Ser 

29C 295 300 

GTC AA7 TAG CCA GTG GGG GCC CCA GAC CAC ATC TCT GTG AAG CAG TGC 
Val Asn Tyr Pro Val Gly Ala Pro Asp His lie Ser Val Lys Gin Cvs 
305 310 315 ' 320 

CTG CTG GCC ATC CTA ATC TTG GCG CTG GTG GCC ACT ATC TTC ~t C gtg 
Leu Leu Ala lie Leu lie Leu Ala Leu Val Ala Thr lie Phe Phe Val 
325 330 335 

TGC ACT GTG GTG CTG GCG GTC CGC CTC TCC CGC AAG GGC CAC ATG TAC 
Cys Thr Val Val Leu Ala Val Arg Leu Ser Arg Lys Gly His Met TV- 
340 345 350 

CCC GTG CCT AAT TAC TCC CCC ACC GAG ATS 3TC TGC ATC TCA — r^ TG 

Pro Val Arg Asn Tyr Ser Pro Thr Glu Met Val 3ys S-=- 

36 0 

^ ' — - A * GGG GGT GAG GGG GCC TCT 3C3 A 7 A. 1— o/~:~ — ■ — —-^ ~ 

leu ?r: Asp Gly Gly Glu Gly Pro Ser Ala Tr.r Ala Asr. 3iv G.v Y^- 



1056 



' 1CN FGR SEQ ID NC : 4 



^JENCE CHARACTERISTICS: 
.A) LENGTH: 4 12 a^ir.o <= 
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~ - i MOLZGTLZ TYPE : 



ID NO : 4 



Me- Pro Leu Gin leu Leu Leu Leu Leu He Leu Leu Gly Pro Gly Asn 
Ser leu Gin Leu Trp Asp Thr Trp Ala Asp Glu Ala Glu Lys Ala Leu 



20 



25 



30 



Gly Pro Leu Leu Ala Arg Asp Arg Arg Gin Ala Thr Glu Tyr 



35 



40 



yr Glu Tyr 



45 



_eu Asp Tyr Asp Phe Leu Pro Glu Thr Glu Pro Pro Glu Met Leu Arg 



55 



60 



Asn Ser Thr Asp Thr Thr Pro Leu Thr Gly Pro Gly Thr Pro G'u Se- 

65 70 75 so 

Thr Thr Val Glu Pro Ala Ala Arg Arg Ser Thr Gly Leu Asp Ala Gly 

S5 90 95 

Gly Ala Val Thr Glu leu Thr Thr Glu Leu Ala Asn Met Gly Asn Leu 



100 



105 



110 



Ser Thr Asp Ser Ala Ala Met Glu lie Gin Thr Thr Gin Pro Ala Ale 



115 



120 



125 



Thr Glu Ala Gin Thr Thr Gin Pro Val Pro Thr Glu Ala Gin Thr Thr 



130 



135 



140 



Pro Leu Ala Ala Thr Glu Ala Gin Thr Thr Arg Leu Thr Ala Th- G'- 

145 150 155 :e; 

Ala Gin Thr Thr Pro Leu Ala Ala Thr Glu Ala Gin Thr Thr Pro Pr: 

155 17Q — - 



A . a A., a Thr Glu Ala Gin Thr 
130 

Tnr Thr Ala Pro Ala Ala Met 
195 



Thr Gin Pro Thr Gly Leu Glu Ala Gin 

13 5 19 0 

Glu Ala Gin Thr Thr Ala Pro Ala Ala 

2 0 0 22* 



Me z cIj Ala Gin Tnr Thr Pro Pro Ala 



A * a x e t 



?hr Thr 



Gin Thr Tnr Ala Met Glu Ala 
225 230 

Ala Gin Thr Thr Gin Pro Thr 



:hr Thr Ala Pro Gl_ 
235 



Aia Thr Glu 
240 



. u ^ _ a j l n Tnr Tnr P r o 



25C 



-_a rtia Met G-u Ala Leu Ser 



ilu Pro Ser Ala Thr 
6 5 



j-u Ala Leu 
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Ser Met Glu Fro Thr Thr Lys Arg Gly Leu Phe lie Pro Fhe Ser Val 
2 7 5 23 0 235 

Ser Ser Val Thr His Lys Gly :ie Pro Met Ala Ala Ser Asn Leu Ser 
290 295 300 

Val Asn Tyr Pro Val Gly Ala Pro Asp His He Ser Val Lys Gin Cys 
305 310 315 320 

Leu Leu Ala lie Leu lie Leu Ala Leu Val Ala Thr lie Phe Phe Val 
325 330 335 

Cys Thr Val Val Leu Ala Val Arg Leu Ser Arg Lys Gly His Met Tyr 
340 345 350 

Pro Val Arg Asn Tyr Ser Pro Thr Glu Met Val Cys lie Ser Ser Leu 
355 360 365 

Leu Pro Asp Gly Gly Glu Gly Pro Ser Ala Thr Ala Asn Gly Glv Leu 
3^0 375 380 

Ser Lys Ala Lys Ser Pro Gly Leu Thr Pro Glu Pro Arg Glu Asc Arg 
385 390 395 " 4C0 

Glu Gly Asp Asp Leu Thr Leu His Ser Phe Leu Pro 
405 410 



(2} INFORMATION FOR SEQ ID NO : 5 : 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2151 base pairs 
(3) TYPE: nucleic acid 
■ 0) STRANDEDNESS : single 
.3} TOPOLOGY: linear 



:na 



! vi i t IMMEDIATE SOURCE : 

' 3 1 CLONE: cacescl 

xi: SEQUENCE DESCRIPTION: £: 



* J - A ^nAGGTCT .2 ACCAACACGT GGGCT0TG0G GATGCCTGGA 

Gvj -GGCCAACAG TGTGGCACGG AAGCATGGGT TCCTCAACOT 3GGC0AGATC 
GGGACT ATTACCACTT CTGGCATCG A GGAGTGACGA AGCGGTCCOT GTCGCIT~AC 
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_ AG - GGTATC 7G7C7GG.G7 -AC7CAGCGG GACCTGAA7G 7GAAGG3GGC CTG"3C3GA3 



: AC AC AG GGCACGGCAT 7G7GG7C7CC A77CTGGAGG A7GGCA7CGA GAAG.AACCAC 4 30 

CCGGAC77GG CAGGCAA77A TGATCCTGGG GGGAGTTTTG A7G7CAA7GA CGAGGACCG7 54 0 

GACCCCCAGC CTCGGTACAC AGAGATGAAT GAGAACAGGC AGGGCAGACG GTG7GGGGGG 6 00 

GAAGTGGC7G CGGTGGCCAA CAAGGG7G7C 7GTGGTGTAG G7GTGGCG7A CAAC3CCCGC 5 50 

A7TGGAGGGG 7GCGCATGC7 GGATGGGGAG GTGACAGATG CAG7GGAGGC ACGC7GGG7G ^20 

GGGCTGAAGC CGAACCACA7 CCACA7C7AC AGTGCGAGC7 GGGGGCCCGA GGA7GACGGC ^90 

AAGACAGTGG ATGGGGCAGC CCGCGTGGGC GAGGAGGGC7 TC77GCGTGG GG77AGCCAG 340 

GGCCGAGGGG GGG7GGGCTG CATGT7TG7G 7GGGCC7CGG GGAACGGGGG GCGGGAACA7 90 0 

GACAGC7GCA ACTGCGACGG C7ACACGAAG AG7A7G7AGA CGCTG7GCAT CAGGAGCGGC 9 60 

ACGGAG7T7G GGAACGTGCG G7GG7AGAGC GAGGCCTGG7 CGTCCAGACT GGGGACGAGC IC20 

7ACAGCAG7G GGAACGAGAA TGAGAAGCAG ATCGTGACGA GTGACT7GGG GGAGAAGTGG 1080 

ACGGAG7C7C ACACGGGCAC G7CAGCC7GT GCCGGCTTAG CAGCCGGCA7 CA77GG7GTG 1140 

ACGGTGGAGG GCAA7AAGAA GGTCAGA7GG GGGGACATGG AACACGTGGT GGTACAGAGC 12 00 

7CGAAGCGAG CGCAGCTCAA 7GGGAAGGAG 7GGGGGAGCA A7GGTGTGGG CCGGAAAG7G 12 60 

AGCCACTCAT ATGGC7ACGG GCT7T7GGAC GCAGGCGCCA 7GG7GGCCC7 GGCCCAGAA7 13 20 

7GGACCACAG 7GGCCCCCCA GCGGAAG7GC ATCA7CGACA 77C7CACCGA GCCCAAAGAC 12 SO 

A7C3GGAAAC GGCTCGAGG7 GCGGAAG AC 0 G7GACCGC2-7 3 C C7 3 3GCG A 33 C 3AAC CAC - ; 

A7CAC7CGGC 7GGAGCACGC 7CAGGCG 2GG G7GACGC7G7 CC7A7AA7 33 C3373GCGAC 15 10 

C7C-GCCA7CC ACC7GGTCAG C CCCA7C 3GC A0CCCC7C 0 A CC37G37333 AGCCAGGCCA 156: 

-."..-•.n^TA'wT w^GCAGAT jG G777AA73AC 7GGGCC77CA 7GACAAC7 2A 772C7GGGA7 162 1 

GAGGA7CCC7 G7GGC3AG7G GG7CC7A3AG A77GAAAACA 3CA3C3AA3C 2 3C-. 2 AAC7A 3 1 5 3 0 

GGGA33C7GA 03AAG77CAC 2C7CG7AC73 7A7GGCAGCG 3C0C73AG3G 3C7CCCC3TA 1^4 2 

GG7CGAGAAA GCAG7GGG7G CAAGACCC7C ACG7C CAGTC AGGCC7G7G7 3G7G7GCGAG 13 20 

■ortAo^- * . -7 '--^7Gv_AC2A GAAGAGG7G7 G7CGAGCA37 GCCC72CAGG C77C3CC2CC 1360 

,AAG73C.CG A7ACGCAC7A 7A3CAC3GA3 AA7GACG73G A3A23A7CC3 333CAGC37C 192 2 
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^CACGCCTC CTTGGACCC . GTCAGCAGA CT7G C7C ICG GCAAAGCCAG 2 4 , 



AoCAG „ r>jAu AG7CCCCGCC AC AG GAG C AG CCAC C7CGGC TGCCCCCGGA GC 

GGGCAACGGC TGCGGGCAGG GC7GC7GCCC 7CACACC7GC CTGAGTGATG A 

2) ILTCRMATICN FOR SEQ ID NO : 6 : 

ID SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1587 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(--; MOLECULE TYPE : cDNA 

(vi J ORIGINAL SOURCE: 

'A) ORGANISM: Homo sapiens 

''vi.- IMMEDIATE SOURCE: 

(3) CLONE: sPSL.F: 



SEQUENCE DESCRIPTION: SEQ ID NO : 6 : 
ATGCCTCTGC AACTCCTCCT GTTGCTGATC CTACTGGGCC CTGGCAACAG CTTGCAGCTG 
TGGGACACCT GGGC AGATGA AGCCGAGAAA GCCTTGGGTC CCCTGCTTGC CCGGGACCGG 
AGACAGGCCA CCGAATATGA GTACCTAGAT TATGATTTCC TGCCAGAAAC GGAGCCTCCA 
GAAA7GC7GA GGAACAGCAC TGACACCACT CCTC7GACTG GGCCTGGAAC CCCTGAGTCT 
A^CAC727GG AGCCTGCTGC AAGGCG77CT ACTGGCCTGG ATGCAGGAGG GGCAGT^^A 
GAGC7GACCA CGGAGCTGGC CAACATGGGG AACCTGTCCA I CGA77 ~ ' ~~ 



G C A C A G AC AA C7CGAC7GAC GGCCACGGAG GCACAGACC; 

--v- - - - — .-v^- i _ j-vo ^_ — jGAAl GCACAGACC. : 
^ ^ AC AG AC C A C7GCACCAGC AGCCA7GG; 



V-_ - rt'o. — ACAGAC 



j'~ f\ - J J". ■ 4-1 



rCACCAG:: 



^al^.-._- _ 7GCACCAG A AGCCACGoAG GCACAGACC A 
jC AC AG A CIA CTCCACTGG 



; °^ n -° ljrtU ^-- J ^^ CAGAA^CCAG 7GC CACAGAG 



'-J -J ^_ . 



215; 



120 
130 
140 



4 : 
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— - * - - - C 2 _ C 1" AAA A.CC.'^uGAC ACCCTCAT3A TC7CCCGGAC CCCTGAGGTC 13 2 2 

}TGG TGGTGGACGT GAGCCACGAA GACCCTGAGG TCAAGTTCAA C7GGTACGTG 10 3 0 

GACGGCGTOG AGGTGCATAA TGCCAAGACA AAGCCGCGGG AGGAGCAGTA CAACAGCACG 114C 

TACCGTGTGG TCAGCGTCCT CACCGTCCTG CACCAGGACT GGCTGAATGG CAAGGAGTAC 12 00 

AAGTGCAAGG TCTCCAACAA AGCCCTCCCA GTCCCCATCG AGAAAACCAT CTCCAAAGCC 12 50 

AAAGGGCAGC CCCGAGAACC ACAGGTGTAC ACCCTGCCCC CATCCGGGGA GGAGATGACC 13 20 

AAGAACCAGG TCAGCCTGAC CTGCCTCGTC AAAGGCTTCT ATCGCAGCGA CATCGCCGTG 23 32 

GAGTGGGAGA GCAATGGGCA GCCGGAGAAC AACTACAAGA CCACGCCTCC CGTGCTGGAC 14 40 

TCCGACGGCT CCTTCTTCC7 CTATAGCAAG CTCACCGTGG ACAAGAGCAG GTGGCAGCAG 15 CO 

GGGAACGTCT TCTCATGCTC CGTGA7GCAT GAGGCTCTGC ACAACCACTA GACGCAGAAG 155C 

AGCCTCTCCC TGTCCCCGGG T AAA TAG 

(2) INFORMATION FOR SEQ ID NO : 7 : 

( i ) SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 19 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEONESS : single 

(D) TOPOLOGY: linear 

(ii> MOLECULE TYPE: cDNA 



15S" 



'"x: 1 SEQUENCE CESCR I ?T ION : SEQ ZZ NO : ™" : 

AATTCCGTCG ACTCTAGAG 

i 2 ) INFORMATION FOR SEQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 15 base pairs 
(3) TYPE: nucleic acic 
(C; ST?J\NLEDNESS : single 
;D) TOPOLOGY: linear 

( i 1 : MOLECULE TYPE : cDNA 



2QUENCE DESCRIPTi; 



ID NO : 5 
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INFORMATION FCR SFZ 10 NO : 9 : 

■l) SEQUENCE CHARACTERISTICS : 
i A } LENGTH: 42 case pairs 
(3} TYPE : nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY, linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION : SEQ ID NO : 9 : 
TAGCATACGC TCTAGAGCAT GGATCCOCTG GGTGCAGCCA AGC 
(2) INFORMATION FOR SEQ 10 NO: 10: 

.1) SEQUENCE CHARACTERISTICS : 

(A) LENGTH. 2 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: cONA 



(xi) SEQUENCE DESCRIPTION : SEQ 10 NO: 10: 

CCGGAATTCT CAGGTGAACC AAGCCGC 

12) INFORMATION FOR SEQ ID NO : 1 1 : 

( l ■ SEQUENCE CHARACTERISTICS : 
'A; LENGTH: 23 case pairs 
( B ) TYPE: nucleic acid 

C' STRANDEDNESS: single 
(D) TOPOLOGY: linear 

■ ii; MOLECULE TYPE: cDNA 



;en: 



DESCP. I ?TI Z N : SEQ ID N 



•■^A^j - ATCTGT C C Ab G G C TT C CAGGT 
(2) INFC'RMATI IN FOR SEQ ID NO : 1 2 



lQUENCE CHARACTERISTICS: 
■'A; LENGTH: 4 3 base pai: 
- 3 ! TYPE: nucleic acid 
C* 3TPANDEDNES S : single 
. Di TCPCLOGY: linear 
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cDN 



[xn s^qu-nce oescription: seq idno:12: 

AACTACCCAG TGGGAGCACC AGACCACATC TCTGTGAAGC AGTGCTAG 
43 

{2} INFORMATION FOR SEQ ID NO : 1 3 : 

ti) SEQUENCE CHARACTERISTICS: 
i A ) LENGTH: 5 2 oase pairs 
i3) TYPE: nucleic acid 
;C; STRAND EDN ESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(Xi/ - cQUr-NCE DESCRIPTION : SEQ ID NO : 1 3 : 

AATTCTAGCA CTGCTTCACA GAGATGTGGT CTGGTGCTCC CACTGGGTAG TT 3 2 

(2) INFORMATION FOR SEQ 10 NO : 1 4 : 

(i) SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 4 5 base pairs 
( 3 ) TYPE: nucleic acid 
(C) STRANDEDNESS : single 
ID) TOPOLOGY: linear 

;n; MOLECULE TYPE : cONA 

■::<!■ SEQUENCE CESCRIPTI ON : SEQ 10 NO : I 4 : 
AACTACCCAG TGGGAGCACC AGACCACATC TCTGTGAAGC AGTAG 43 

;2: information for seq id no:I5: 

1: SEQUENCE CHARACTERISTICS: 
A; LENGTH: 4? base pairs 
.3: TYPE: nucleic acid 
(C; STRANDEDNESS : single 
!0) TOPOLOGY: linear 
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:AGAG ATGTGGTCTG o.CCTOCCAC tgggtac 



:n for seq io 



SEQUENCE CHARACTERISTICS: 
fA: LENGTH: 52 base pa:- 
''5) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 5 : 

CTAGACCCGG GATGGCATCC ATGACAGGAG GACAACAAAT GGTAGGCCGT AG 

(2) INFORMATION FOR SEQ ID NO:!^: 

!i; SEQUENCE CHARACTERISTICS: 
(A/ LENGTH: 53 base pairs 
.3) TYPE: nucleic acid 
fC) STRANDEDNESS: single 
{ D ) TOPOLOGY : 1 1 near 

( 1 1 ; MOLECULE TYPE : cDNA 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO : 1 7 : 

AATTCTACGG CCTACCCATT TGTTGTCCTC CTGTCATGGA — — 

INF0R>1ATICN FOR SEQ ID NO : 1 3 : 

■i- SEQUENCE CHARACTERISTICS ; 

A, LENGTH: 13 base pairs 

_3_TY?E: nucleic acid 

■ C } STRANDEDNESS : s ingie 
D> TOPOLOGY: linear 



CDNA 



: XI/ SEQUENCE DESCRIPTION: S; 
CTGCGGCCCC AGT 

I NFC ?_MAT 1 1 N FOR SEQ ID NO : 1 ° ■ 



no : 1 3 



LNGTH: 1- oas- pa: 
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TO POLCGY 



Y 



cDNA 



txi) SEQUENCE DESCRIPTION: SEQ ID MO : 1 9 : 
CTAGACTGCG GCCGCAG 

il. INFORMATION FOR SEQ ID NO : 2 C : 

:i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 50 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDMESS : single 

(D) TOPOLOGY: linear 

(ii; MOLECULE TYPE: cDMA 



(xi) SEQUENCE DESCRIPTION: SEQ ID MO : 2 0 : 

CCAGGTCCAA CTGCAGGTCG ACTCTAGAGG GCACTTCTTC TGGGCCCACG 

(2) INFORMATION FOR SEQ ID NO : 2 1 : 

(i) SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 50 base pairs 
(3) TYPE : nucleic acid 



(C; STRANDEDMESS : single 
;D! TOPOLOGY : linear 



MCLECYLE TYPE : 



cDNA 



! xi ) 



SEQUEi 



'CRIPTION: SEQ ID NO : 2 1 : 




INFORMATION . FDR EZZ I D 



SEQUENCE CHARACTERISTICS: 
(A! LENGTH: 40 sase pairs 
(3i TYPE: nucleic acid 



(C; STRANDEDMESS : single 
O) TOPOLOGY: linear 
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'xi; SEQUENCE DESCRIPTION : SEQ ID NO : 2 2 . 

1 - - - - ' ov. jGCCGCGC AGCAGGCTCC ACAGTGGTAG 43 

!2) INFORMATION FOR 5EQ ID NO : 2 3 : 

f i j SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 33 base pairs 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY : linear 

(ll) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 3 : 
\ATTATCTOT GCGGCCGCGG AGGCTCCGTT TCTGGCAG 3 3 

2} INFORMATION FOR SEQ 10 NO : 2 4 : 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 3 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: cDNA 

<X1; SEQUENCE DESCRIPTION: SEQ ID NO : 2 4 : 

GGAGACAGG CCACCGAA7T CCTGCCAGAA ACG 33 

2, INFORMATION FOR SEQ 12 NO : 2 5 . 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 40 base pairs 
( B } TYPE : nuc 2 e 1 z acid 
' C : STRANDEDNESS single 
(D) TOPOLOGY : 1 -near 

■il' MOLECULE TYPE: c SNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 5 : 
_ * — rtuA.*\rt . . jaou..-\ wnu^ACTGAC ACCACTCCTC 4 0 
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< A ) L ENGTH : A 2 tase pairs 

(3) TYPE: r.-jcie:: acid 

iC) STRANDEDNESS . single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 6 : 

GAGCTGGCCA ACATGGGGCA ACTGTCCACG GATTCAGCAG 

(2) INFORMATION FOR SEQ ID NO; 27: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 21 base pairs 
(3) TYPE: nucleic acid 
(CJ STRANDEDNESS : single 
(D) TOPCLCGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 7 : 

AATTCGAGTT CCTAGATTTT G 

(2) INFORMATION FOR SEQ ID NO : 2 S : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 21 base pairs 
< B > TYPE: nucleic acid 
iC\ STF.ANDEDNESS : single 
!D) TOPOLOGY: linear 

iiij MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: 5 EQ ID NO : 2 3 : 

.--A* . -AAAAT CTAGGAA.CTC G 

.2) INFORMATION FIR SEQ ID NO : 2 9 : 

(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 4 3 case pairs 
IB) TYPE: nucleic acid 
■'C- STRANDEDNESS. single 
:D) TOPOLOGY linear 
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48 



-.xi ; SEQUENCE DESCRIPTION: SZZ ID NO : 2 9 ; 
AATTC3AGTA CCTAGATTAT GATTTCCTGC GAGAAACTGA GCCTCCGC 

(2} INFORMATION FOR SEQ ID NO : 3 0 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 48 base pairs 

(B) TYPE: nucleic acid 
fC) STRANDEDNESS; single 
;0) TOPOLOGY: linear 

i 11 ) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 0 : 
GGCCGCGGAG 3CTCAGTTTC TGGCAGGAAA TCATAATCTA GGTACTCG 48 
C; INFCPJ1ATION FOR SEQ ID NO : 3 1 : 

( 1 ) - SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 48 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ID MOLECULE TYPE: cDNA 



' xi :■ S-QUENCE DESCRIPTION : SEQ ID NO : 3 1 : 
'CGAGTT I IT AG ATT AT GATTTCCTGC GAGAAACTGA GCCTCCt 

information for seq :d no- 32: 

. i' SEQUENCE GHA.RA.CTERISTI IS : 
;A; LENGTH: 4 8 case pairs 

3) TYPE: nucleic acid 
■I' STRANDEDNESS: single 
: 1 1 TOPOLOGY : 1 .near 

' 11 ■ MC L EC ULE TYPE : cDNA 



S-;U=.NCE DESCRIPTION: SEQ ID NO : 3 2 : 

° - - * - A.oTTTC TGGCAGGAAA. TCATAATCTA. SGAAC 
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:.t:rx.;t: in 



SEQUENCE Z HARACT ER I 5 T I C S . 
>'A) LENGTH: 4 9 case pairs 
.3} TYPE: nucleic acid 
;C) STRANDEDNESS ; sir.gle 
;D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 3 : 
AATTCGAGTT CCTAGATTTC GATTTCCTGC CAGAAACTGA GCCTCCGC 

12) INFORMATION FOR SEQ ID NO : 3 4 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 43 base pairs 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(n) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 4 : 

GGCCGCGGAG GCTCAGTTTC TGGCAGGAAA TCGAAATCTA GGAACTCG 4 g 

;2) INFORMATION FOR SEQ ID NO : 3 5 : 

SEQUENCE CHARACTERISTICS : 
A; LENGTH: 942 base pairs 
'3) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

:n; MOLECULE TYPE : cDNA 



:ature : 

a - name 'key: c 

3; LOCATION: 1 



!X1! Sz.QUnNCE DESCRIPTION : SEQ ID NO : 3 5 : 
ATGCITCTGC AA CTCOTCOT GTTGCTGATC CTACTGGGCC CTGGCAAC 
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AGACAGGCCA CCGAATA7GA GTACC7AGAT TATGA77TCC TGCCAGAAAC GGAGCC7CCA 
3AAA7GC7GA GGAACAGCAC TGACACCACT CCTCTGACTG GGCCTGGAAC CCC7GAGTCT 
ACCACTGTGG AGCCTGCTGC GCGGCCGCAC ACATGCCCAC CGTGCCGAGC ACCTGAAGCC 
CTGGGGGCAC CG7CAG7C7T CCTCTTCCCC CCAAAACCCA AGGACACCCT CATGATC7CC 
CGGACCCCTG AGGTCACATG CGTGGTGGTG GACGTGAGCC ACGAAGACCC TGAGGTCAAG 
TTC.AACTGGT ACG7GGACGG CGTGGAGGTG CATAATGCCA AGACAAAGCC GCGGGAGGAG 
CAGTACAACA GCACG7ACCG TGTGGTCAGC GTCCTCACCG TCCTGCACCA GGACTGGCTG 
AATGGCAAGG AGTACAAGTG CAAGGTCTCC AACAAAGCCC TCCCAG7CCC CATC GAG AAA 
ACCA7C7CCA AAGCCAAAGG GCAGCCCCGA GAACCACAGG TGTACACCCT GCCCCCA7CC 
CGGGAGGAGA TGACCAAGAA CCAGGTCAGC CTGACCTGCC TGGTCAAAGG CT7CTATCCC 
AGCGACA7CG CCGTGGAGTG GGAGAGCAAT GGGCAGCCGG AGAACAACTA CAAGACCACG 
CC7CCCGTCC TGGACTCCGA CGGCTCCTTC TTCCTCTATA GCAAGCTCAC CGTGGACAAG 
AGCAGGTGGC AGCAGGGGAA CGTCTTCTCA TGCTCCGTGA TGCATGAGGC TCTGCACAAC 
CACTACACGC AGAAGAGCCT CTCCCTGTCC CCGGGTAAAT GA 
(2) INFORMATION FOR SEQ ID NO : 3 6 : 



SEQUENCE CHARACTERISTICS: 
i A) LENGTH: 2 13 ammo acids 
l 3 ) TYPE : ammo acid 
:C) STPANDEDNESS : 
. G) TCPOLCGY : Imear 

MOLECULE TYPE: crctiem 



2 4 0 

3 0C 
360 
420 
480 
5 40 

5 00 

6 5 0 



B40 
900 
942 
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Asn Ser 
65 



Tnr Asd 



Tr.r Thr 7a 1 Glu Pro Ala Ala Arg Pro His Thr Cys Pro Pro Cys Pro 

35 go 95 

Ala Pro Glu Ala Leu Gly Ala Pro Ser Val Phe Leu Phe --o P— ■ Lys 
100 105 no 

Pro Lys Asp Thr Leu Met :ie Ser Arg Thr Pro Glu Val Tr.r Cys Val 
115 120 125 

Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe -s- ~v- 

130 135 14Q " * 7 ' 



Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu G 



1^5 150 15 - 



u 
160 



Gin Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His 
1°5 170 175 

Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lvs 
180 las lgo 

Ala Leu Pro Val Pro He Glu Lys Thr He Ser Lys Ala Lvs Gly G \n 
I 95 200 205 

Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Mer 
210 215 220 

Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys Gly ?he Ty- ^-o 
225 230 235 240 

Ser Asp He Ala Val Glu Trp Glu Ser Asn Glv Gin Pro G'u As- 
245 250 ' ^ 255 

T-yr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Glv £er ?r.e Phe Leu 
250 265 " * 2 7 ^ 

T-yr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val 
275 2 30 2S5 

Phe Ser Cys Ser Val Me: His Glu Ala L* 3 ■ ■ — 5 As- -is ~— ^ " - 

290 295 3C0 "~ 

Lys Ser Leu Ser Leu Ser Pro Glv Lys 
305 310 

(2} INF OPuMATICN PGR SEQ ID NO : 3 7 : 

fil SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 513 oase pairs 
(3) TYPE: nucleic acid 
(C) STRANDEINE3S : double 
• LV, TOPOLOGY, linear 
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MOLECULE TY - 5 



- L " j'A 



(IX! FEATURE: 

(A) NAME /KEY: CDS 
IS) LOCATION. ; . .3 0' 



<Xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 7 : 
ATGCCTCTGC AACTCCTCCT GTTGCTGATC CTACTGGGCC CTGGCAACAG CTTCCACC^ 
TCGGACACCT CGGCAGATCA AGCCGAGAAA GCCTTGGGTC CCCTGCTTGC CCGGGAC"GG 
AGACACGCCA CCGAATATGA GTACCTAGAT TATGATTTCC TCCCAGAAAC GGACC~TC~A 
GAAATGCTGA GGAACAGCAC TGACACCACT CCTCTGACTG GGCCTGGAAC CCCTGAGTCT 
ACCACTGTGG AGCC^r—rr - — 

-C_.GC ^.C.GCTG TGTGCCAACC TAGTACCGGT 3CCCA~CA~ 

-CCCCACCC TGGACCAGAT CACTGGCAAG TGGTTTTATA TCGCATCGGC c~T~AAAC 
GAGG AG TAC A ATAAGTCGGT TCAGGAGATC CAACCAACCT TCTTTTAC TT CACCCCCAAC 

AAGACAGAGG ACACGATCT^ TCT'-jri-.r ^, 

^ TACCAGACCC GACAGGACCA GTGCATCTA7 

AACACCACCT Ar^n^ 

4UAA ' G - CCAGCG = GAA AATGGGACCA TCTCCAGATA CGTCGGAGGC 
CAAGAG C A TT TCGCTCACTT GCTCATCCTC AGCGACACCA AGACCTACAT GCTTGCTTTT 

GACGTGAACG ATGAGAAGAA CTGGGGGCTG TTTr-n- _ 

iG * C ^TC,ATG CTGACAAGCC AGAGACGACC 

AAGGAGCAAC TGGGAGAGTT GTACGAA GG~ _ 

-^^at::: caactcagat 

GTCGTGTACA C G3ATTGGAA AAAGGATAAG TGTGAGCGA 2" TGGAGAAG " - 
3 A GAG G AAA C AGGAGGAGGG GGAATCGTAG 

2) :: ' j ~cr>iat:cn for seq ig n C :3S: 

■ - i SEQUENCE CHARAC~Z" " ~ 

(A/ LENGTH: 269 arr.i- -^1- - .- s 
fSJ TYPE: amino acid 
— ; STRANGEGNES3 - 

TOPOLOGY: linear 



b0 
120 

.3C 



420 
430 
540 

5 00 



2YLE TYPE: 



; r o t e i n 
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Vai Gin 
125 



^ * -' ? Z — Ala 31. : ys Al^ Le„ 

3ly Pro Leu Leu Ala Arg Asp Arg Arg Gin Ala Thr G i-- G 'u T- - 

3D 40 45 " * *~ 

Leu Asp Tyr Asp Phe Leu Pro Glu Thr Glu Pro Pro Glu Me. Leu Arg 

55 60 

As- Ser Thr Asp Thr Thr Pro Leu Thr Gly Pro Gly Thr Pro C- Se- 

Thr Thr Vai Glu Pro Ala Ala Arg Pro Leu Cys Ala Asn Leu y a : =-„ 

8= 90 95 

Vai Pro lie Thr Asn Ala Thr Leu Asp Gin He Thr Gly Lys T-o » he 
100 10 5 HQ " 

■^Yr lie Ala Ser Ala Phe Arg Asn Glu Glu Tyr As- ' ys Ser 
115 120 125 

Glu lie Gin Ala Thr Phe Phe Tyr Phe Thr Pro Asn Lys Thr Glu Asp 

135 140 ^ 

Thr He Phe Leu Arg Glu Tyr Gin Thr Arg Gin Asp Gin Cys lie Tyr 

155 160 
Asn Thr Thr Tyr Leu Asn Vai Gin Arg Glu Asn Gly Thr lie Se . Arg 
165 1 7 ° 175 

Tyr vai Gly Gly Gin Glu His Phe Ala His Leu Leu I'e Leu A > 

180 185 , 90 

Thr Lys Thr Tyr Met Leu Ala Phe Asp Vai Asn A^c r.-,. - A _„ 

O'.y Leu Ser Vai Tyr Ala Asd Lys Pro G'u 
210 215 " 

Gly Glu Phe Tyr Glu Ala Leu Asp Cys Leu Arg lie Pro Lys s-r , sp 

230 235 ~ 

Vai Vai Tyr Thr Asp Trp Lys Lys Asp Lys Cvs G'u P^, ^ ~ - . 

Gin His Glu Lys Glu Arg Lys Gin Glu Glu Gly G *u 3 — 
260 255 

INFORMATION FOR SEQ ID NO : 3 9 : 

ii) SEQUENCE CHARACTERISTICS : 

. A } LENGTH : 1114 base pairs 
■3) TYPE: nucleic acid 
■ ) -TRAoTDEDNESS : double 
■21 T3 PCLOG V : linear 
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;i-J MOLECULE TYPE: cDNA 

t ix ) FEATURE : 

(A) NAME/ KEY: CDS 

(B) LOCATION: 1 . .1311 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO : 3 9 : 
ATGGTGGCCC GGACCCGCTG TCTTCTAGCG TTGCTGCTTC CCCAGGTCCT CCTGGGCGGC 
GCGGCTGGCC TCGTTCCGGA GCTGGGCCGC AGGAAGTTCG CGGCGGCGTC GTCGGGCCGC 
77CTCAT777 AGCCCTCTGA CGAGGTCCTG AGCGAGTTCG AGTTGCGGCT GCTCAGCATG 
TTCGGCCTGA AACAGAGACC CACCCCCAGC AGGGACGCCG TGGTGCCCCC CTACATGCTA 
GACCTG7ATC GCAGGCACTC AGGTCAGCCG GGCTCACCCG CC77AGACCA CCGGTTGGAG 
AGGGCAGCCA GCCGAGCCAA CACTGTGCGC AGCTTCCACC ATGAAGAATC T7TGGAAGAA 
CTACCAGAAA CGAGTGGGAA AACAACCCGG AGATTCTTCT TTAATTTAAG TTCTATCCCC 
ACGGAGGAGT TTATCACCTC AGCAGAGCTT CAGGTTTTCC GAGAACAGAT GC AAGATGCT 
7TAGGAAACA ATAGCAGTTT CCATCACCGA ATTAATATTT ATGAAATCAT AAAACCTGCA 
ACAGCCAACT CGAAATTCCC CGTGACCAGA CTTTTGGACA CCAGGTTGGT GAATCAGAAT 
GCAAGCAGGT GGGAAAGTTT TGATGTCACC CCCGCTGTGA TGCGGTGGAC TGCACAGGGA 
CACGCCAACC ATGGATTCGT GGTGGAAGTG GCCCACTTGG A G G AG AAA C A AGGTGTCTCC 
AAGAGACATG TTAGGATAAG CAGGTCTTTG CACCAAGATG AACACACC7C GTCACAGATA 
AGGCCATTGC TAGTAACTTT TGGCCATGAT GGAAAAGGGC A7C777777A ^AAAGAG^ 
AAACGTCAGG CCACCGAATA TGAGTACCTA GATTATGATT TCCTGCCAGA 
CCAGAAATGC TGAGGAACAG CACTGACACC A7T77777GA 773337377G AA77 
TCTACCACTG TGGAGCCTGC TGCAAGGCGG AAACGC777A AGTC 7 
C7T77G7ACG TGGAC7TCAG TGACGTGGGG TGGAATGAC7 GGA7T3TGGC 77737777-37 
TAT7A7GC77 7TTACTGCCA CGGAGAATGC CCT7TTC777 7GGC7GA77A T7TGAA777? 114 
ACTAA7CA7G CCATTGTTCA GACGTTGGTC AAC7CTGTTA AC77TAAGA7 777TAAGGCA 17 0 

7GC7G7G7C7 CGACAGAACT CAG7GC7ATC 7CGA7G77G7 AC' 
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240 

2 00 

3 50 
420 
480 
540 
600 
660 
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^7A77AA AGAAC7ATCA GGACA73G77 GTGGAGGGT7 GTGGG7G77G 77AG 
I^FCFTXATION FOR SEC ID NC:4Q: 



: 4 
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: i : SEQUENCE CHARACTERISTICS: 
< A ) L E.\ T GTH : 4 3 ~" anr.ino 
(3) TYPE: am no acid 
{ C ) STRANDEONESS : 
(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: protein 



(XI) SEQUENCE DESCRIPTION: SEQ ID NO : 4 0 : 

Met Val Ala Gly Thr Arg Cys Leu Leu Ala Leu Leu Leu Pro Gin Va I 
1 5 10 15 

Leu Leu Gly Gly Ala Ala Gly Leu Val Pro Glu Leu Gly Arg Arg Lys 
20 25 30 

?he Ala Ala Ala Ser Ser Gly Arg Pro Ser Ser Gin Pro Ser Asp Glu 
35 40 45 

Val Leu Ser Glu Phe Glu Leu Arg Leu Leu Ser Met Phe Gly Leu Lys 
50 55 60 

Gin Arg Pro Thr Pro Ser Arg Asp Ala Val Val Pro Pro Tyr Met Leu 
65 7 ° 75 80 

Asp Leu Tyr Arg Arg His Ser Gly Gin Pro Gly Ser Pro Ala Pro Asp 
35 90 95 

His Arg Leu Glu Arg Ala Ala Ser Arg Ala Asn Thr Val Arg Ser Phe 
100 105 no 

His His Glu Glu Ser Leu Glu Glu Leu Pro Glu Thr Ser Gly Lys Thr 
115 120 125 

Thr Arg Arg Phe Phe Phe Asn Leu Ser Ser He Pro Thr Glu Glu Pne 
130 135 140 

He Thr Ser Ala Glu Leu Gin Val Phe Arg Glu Gin Met Gin Asp Ala 
14 5 150 -== " * " \ Ir. 



-eu Gly Asn Asn Ser Ser Phe His His Arg lie As 



— e rvr G _ u I \ 



He Lys Pro Ala Thr Ala Asn Ser Lys Phe Pro Val Thr Arg Leu Leu 
130 135 190 

Asp Thr Arg Leu Val Asn Gin Asn Ala Ser Arg Trp Glu Ser Pne Asp 
195 200 205 

Val Thr Pro A. a Val Met Arg Trp Thr Ala Gin Gly His Ala Asn His 
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jly ?he Val Val Glu VaI Ala His Leu Glj Glu Lys Gin Gly Va ' ^e- 
ZZ5 -30 235 240 

Lys Arg His Val Arg lie Ser Arg Ser Leu His Gin Asp Glu His Se- 
245 250 255 

Trp Ser Gin He Arg Pro Leu Leu Val Thr Phe Gly His Asp Glv Lys 
260 265 270 

Gly His Pro Leu His Lys Arg Glu Lys Arg Gin Ala Thr Glu Tyr Glu 
275 280 285 

Tyr Leu Asp Tyr Asp Phe Leu Pro Glu Thr Glu Pro Pro Glu Men Leu 

290 295 300 

Arg Asn Ser Thr Asp Thr Thr Pro Leu Thr Gly Pro Gly Thr Pro Gl- 
305 310 315 ' 320 

Ser Thr Thr Val Glu Pro Ala Ala Arg Arg Lys Arg Leu Lys Ser Se- 
325 330 325 

Cys Lys Arg His Pro Leu Tyr Val Asp Phe Ser Asp Val Gly Trp Asn 
340 345 350 

Asp Trp He Val Ala Pro Pro Gly Tyr His Ala Phe Tyr Cys His Gly 
355 360 365 

Glu Cys Pro Phe Pro Leu Ala Asp His Leu Asn Ser Thr Asn His Ala 
370 375 380 

He Val Gin Thr Leu Val Asn Ser Val Asn Ser Lys He Pro Lvs A ' a 
385 390 395 ' 4 qo 

Cys Cys Val Pro Thr Glu Leu Ser Ala lie Ser Met Leu Tyr Leu hsd 
405 410 ' 415 

Glu Asn Glu Lys Val Val Leu Lys Asn Tyr Gin Asp Met Val Val Glu 
420 425 430 



GTy Cys Gly Cys Arg 
435 



INFORMATION FOR SEQ ID NO : 4 1 



^-G/VFNCE CHARACTERISTICS : 
!A) LENGTH : "95 case pair: 
■.3) TYPE; nuclei z acid 
.1; STRANDECNESS : douole 
;C) TOPOLOGY: linear 
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• 3 i LOCATION . 1 . . ^92 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 4 1 : 
ATGCCTCTGC AACTCCTCCT GTTGCTGATC CTACTGGGCC CTGGCAACAG CTTGCAGCTG 
TGGGACACCT GGGCAGATGA AGCCGAGAAA GCCTTGGGTC CCCTGCTTGC CCGGGACCGG 

AGACAGGCCA CCGAATATGA GTACCTAGAT TATGATTTCC TGCCAGAAAC GGAGCCTCCA 13C 

GAAATGCTGA GGAACAGCAC TGACACCACT CCTCTGACTG GGCCTGG AAC CCCTGAGTCT 24 0 

ACCACTGTGG AGCCTGCTGC GCGGCCGCCA CCTGGCCCCC CTCGAGTTTC CCCAGACCCT 3 00 

CGGGCCGAGC TGGACAGCAC CGTGCTCCTG ACCCGCTCTC TCCTGGCGGA CACGCGGCAG 3 60 

CTGGCTGCAC AGCTGAGGGA CAAATTCCCA GCTGACGGGG ACCACAACCT GGATTCCCTG 42 0 

CCCACCCTGG CCATGAGTGC GGGGGCACTG GGAGCTCTAC AGCTCCCAGG TGTGCTGACA 4 30 

AGGCTGCGAG CGGACCTACT GTCCTACCTG CGGCACGTGC AGTGGCTGCG CCGGGCAGGT 54 0 

GGCTCTTCCC TGAAGACCCT GGAGCCCGAG CTGGGCACCC TGCAGGCCCG ACTGGACCGG 6 00 

CTGCTGCGCC GGCTGCAGCT CCTGATGTCC CGCCTGGCCC TGCCCCAGCC ACCCCCGGAC 56 0 

CCGCCGGCGC CCCCGCTGGC GCCCCCCTCC TCAGCCTGGG GGGGCATCAG GGCCGCCCAC 72 0 
GCCATCCTGG GGGGGCTGCA CCTGACACTT GACTGGGCCG TGAGGGGACT GCTGCTGCTG 
AAGACTCGGC TGTGA 

'2; INFORMATION FOR SEQ ID NO: 42: 

i : SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 254 amine acids 
(3) TYPE: amino acid 

(C) ST HANDEDNESS : 

(D) TOPOLOGY: linear 

■!::) MOLECULE TYPE: protein 



730 



i q c 



(xi: SEQUENCE DESCRIPTION: SEQ ID NO: 42: 



M -e: Pro Leu Gin Le 



u Leu Leu Leu Leu lie Leu Leu Gly Pre Glv As: 
-0 :s 



o.n Leu Trp Asp Thr Trp Ala Asp Glu Ala Glu Ivs A ^ a Leu 

2 0 2 5 
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Gly Pro Leu Leu Ala Arg Asp Arg Arg Gin Ala Thr Glu Tyr Glu T-r 
35 40 45 

Leu Asp Tyr Asp Phe Leu Pro GIu Thr GIu Pro Pro Glu Met Leu Arg 
50 55 60 

Asn Ser Thr Asp Thr Thr Pro Leu Thr Gly Pro Gly Thr Pro Glu Ser 
65 70 75 80 

Thr Thr Val Glu Pro Ala Ala Arg Pro Pro Pro Gly Pro Pro Arg Val 
85 90 95 

Ser Pro Asp Pro Arg Ala Glu. Leu Asp Ser Thr Val Leu Leu Thr Arg 
100 105 HO 

Ser Leu Leu Ala Asp Thr Arg Gin Leu Ala Ala Gin Leu Arg Asp Lys 
115 120 125 

Phe Pro Ala Asp Gly Asp His Asn Leu Asp Ser Leu Pro Thr Leu Ala 
130 135 140 

Met: Ser Ala Gly Ala Leu Gly Ala Leu Gin Leu Pro Gly Val Leu Thr 
145 150 155 160 

Arg Leu Arg Ala Asp Leu Leu Ser Tyr Leu Arg His Val Gin Trp Leu 
165 170 175 

Arg Arg Ala Gly Gly Ser Ser Leu Lys Thr Leu Glu Pro Glu Leu Gly 
180 185 190 

Thr Leu Gin Ala Arg Leu Asp Arg Leu Leu Arg Arg Leu Gin Leu Leu 
195 200 205 

Met Ser Arg Leu Ala Leu Pro Gin Pro Pro Pro Asp Pro Pro Ala Pre 
210 215 220 

Pro Leu Ala Pro Pro Ser Ser Ala Trp Gly Gly He Arg Ala Ala His 
225 230 235 24C 

Ala lie Leu Gly Gly Leu His Leu Thr Leu Asp Trp Ala Val Arg Gly 

245 250 255 



Leu Leu Leu Leu Lys Thr Arg Leu 
260 
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Fig. 1 
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Fig. 2 
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Fig. 3-1 
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Fig. 5 
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Fig. 8 
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Fig. 10 
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